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Executive summary

In this thesis three studies are reported, which aim to investigate the performance of
an interviewer-administered, open-ended diet history for use in clinical studies where
dietary variables are manipulated. The studies presented here are focused on
validating self-reported macronutrient and energy intakes in Australian adults who
have volunteered to participate in dietary intervention research. The evaluations are
performed using food records, 24-hour recalls and biochemical markers of intake for
comparison. In addition, a pilot study is presented, which examines the ability of hair
and sebaceous lipid composition to reflect dietary fatty acid intake in healthy
volunteers.

Clinical trials are the highest form of evidence for examining both the treatment and
prevention of disease by dietary nutrients. Given this, it is imperative that these
nutrients are measured as accurately as possible to avoid erroneous conclusions
regarding their capabilities. Despite the importance of data from clinical trials, the
literature relating to the performance of dietary assessment methods in this context is
sparse. Despite evidence to show that food records and 24-hour recalls are not
always able to measure intake accurately, many dietary intervention trials are using
these methods to measure dietary intake during the intervention period. Since the
diet history method is used in clinical practice, albeit in a less rigorous manner, and
the clinical trial is, in essence, a highly controlled form of clinical practice,
examination of the diet history method in this research context is warranted.

The first study in this thesis examined the validity of an interviewer-administered,
open-ended, non-structured diet history in adults with Type II diabetes mellitus. The
trial examined the viability of a high monounsaturated fat diet for the treatment of
associated blood and insulin abnormalities. The dietary data were obtained
retrospectively and the diet history was examined relative to a 3-day food record
using a number of statistical techniques. The results showed that the diet history
method was able to measure both energy and macronutrient intakes reasonably well
at both the group level and the individual level. There was, however, a failure to
measure the fatty acid composition of the diet, which was due to a few outliers who
reported discrepant values. Nevertheless, the relationship between paired data for
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these variables was significant once outliers were removed. There was no
relationship between bias and intake indicating that systematic error was not
operating in this group. An important finding from this study was the large proportion
of individuals underreporting energy intake. This was not method-specific, but rather
subject-specific and tended to occur in the larger individuals, however the use of a
nutrient density model diluted the effects of underreporting for comparisons of the
diet history with the food record. The non-structured diet history method was found to
estimate energy and nutrient intakes relatively well in a clinical population with Type
II diabetes.

The second study also used retrospective data from both the former study and
another clinical trial, which examined the effects of a high monounsaturated fat diet
on the prevention of diabetes in Australian adults with mild insulin resistance. The
aim of this study was to compare the performance of the interviewer-administered,
non-structured diet history between healthy individuals and individuals with Type II
diabetes mellitus undergoing similar intervention protocols with differing intensity.
The results showed that the values measured by the DH in the healthy individuals
were closer to those of the food record than in the individuals with Type II diabetes.
Moreover, the degree of underreporting in the healthy individuals was significantly
lower than in individuals with diabetes. Biases in measurements of target nutrients
also showed movement in different directions between the two sample groups.

The third study was designed to fit within the research protocol of a dietary
supplementation trial, which examined the effects of fish oil and soy isoflavone on the
risk profile for cardiovascular disease. The study presented in this thesis aimed to
assess the validity and reproducibility of a diet history method using both food
records and multiple 24-hour recalls for reference, in addition to urine nitrogen and
erythrocyte membrane phospholipid fatty acid composition as biomarkers of dietary
intake. The biochemical markers not only provided information as to the performance
of the diet history method, but also the reference methods to determine if
discrepancies between paired data were indeed due to diet history failings. The diet
history method used in this study was slightly different to the aforementioned nonstructured approach with the record of foods taking place on a structured meal-based
form with food prompts for the dietitian. This allowed the dietitian to prompt for the
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context of eating as well as the foods consumed. Since the concern in this study was
the accuracy of data for a valid trial outcome, prompting was not considered to
introduce bias, but rather to improve memory of foods consumed. The results
showed that the diet history method was measuring higher absolute intakes of
energy and macronutrients than both the food record and the 24-hour recalls,
however, both reference methods showed a higher degree of underreporting and an
underestimation of nitrogen intake during the course of the intervention indicating that
the reference methods were prone to underestimation. The diet history values also
moved in line with those of the food record and the 24-hour recall as the trial
progressed, which may have been due to fatigue or, perhaps a training effect from
both the food record and the 24-hour recall. In addition, the diet history was shown to
be better at estimating long chain fatty acid intake than the food record for variables,
which were of importance in a fish oil supplementation trial. Nevertheless, this study
showed that the structured diet history method was both valid and reproducible for
estimating macronutrient and energy intake in a sample of Australian adults
participating in a dietary supplementation trial.

The final study was designed in response to the lack of biomarkers available for fat
intake. This study was a pilot study, which aimed to investigate if the fatty acid
composition of both hair and sebaceous secretions was related to the fatty acid
composition of the diet. If a relationship was shown then a potential non-invasive
method for assessing what may be a single or a few fatty acids in the usual diet was
possible. The results showed that there were no significant relationships between
hair or sebaceous fatty acid composition and corresponding dietary fatty acids due, in
part, to large numbers of undetectable fatty acids in the different tissues, which
prevented correlation. Future research will indicate if hair or sebaceous fatty acid
composition is valuable for assessing changes in dietary fat.

As a result of the studies presented in this thesis, the interviewer-administered,
structured diet history method has been used in numerous studies to date conducted
through the author’s institution and requests for its use continue as clinical dietitians
conduct research within their own institutions. If anything, this thesis has shown that
relative validation of dietary methods is valuable and should be done in context. The
issues that affect persons participating in trials with large subject burdens are not the
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same as for those who undertake just a validation study. The methods used in
intervention trials needs to be validated within the context of the trial and its
participants. However, objective markers should always be used as an adjunct to any
validation study especially those that inform on absolute nutrient intake such as urine
nitrogen.

This thesis reports on a number of interesting limitations associated with measuring
dietary intake in free-living individuals especially in larger individuals in the sample
group. A number of interesting macronutrient-specific biases are also reported on in
this work. Further research in dietary methodology should focus on the need for
contextual validation of dietary methods since the administration environment affects
the accuracy of the test method. In addition, clinical trials, which are dependent on
nutrient targets for outcomes, should make validation studies a priority and should
question the accuracy of the reference methods used for validation purposes. This
thesis has shown that the diet history interview is a valuable method for measuring
dietary intake in clinical trials in free-living individuals. Of importance, is the
contextual aspect of administration where the diet history would need to be validated
in specific research environments, however, the studies presented here provide
insight into the performance of the diet history method in clinical research.

32

1. Dietary assessment in research involving human adults
Accurate data on the dietary intakes of individuals and representative groups is
needed for many reasons. National food intake data facilitates analysis of a nation’s
food supply, identification of food security issues and the development of national
food policy and fortification programs. In addition, data on diet for representative
groups can be used to determine exposure to toxicological aspects of the food supply
(1). As important is the requirement for establishing causal relationships between diet
and disease (2). Large nutrition studies need good estimates of dietary intake for
ranking individuals according to their nutrient intake to ensure erroneous conclusions
regarding the relationship between diet and disease are not drawn. On a smaller
scale, measures of dietary intake are required for nutrition and dietetic studies linking
dietary components to particular outcomes (3) and for evaluation of nutrition
education programs and clinical interventions (1).
In studies of diet disease relationships, evidence is produced on a number of levels
for different purposes. Population studies require dietary data for profiling the intakes
of large representative groups and/or determining the relationship between diet and
disease aetiology. Intervention trials can also be implemented at the population level
and these are generally used to examine the effects of dietary strategies. Perhaps
the highest level of evidence in the study of diet and disease is the randomized
controlled trial or the smaller clinical studies, which administer diets and/or
supplements under highly controlled conditions based on experimental hypotheses.
These studies require controlled dietary manipulations, especially in free-living
volunteers. Dietary monitoring and control are essential in this context where
outcomes are dependent on dietary compliance. As it stands, in humans, the
collection of food intake data is fraught with difficulty, particularly in free-living
individuals (4). The methods commonly used to assess diet need to measure what
they are intended to measure (validity/accuracy) and be reproducible in a stable
environment (reliability/precision) (5, 6). In studies wishing to measure diet either for
direct outcomes or for associations with disease, the choice of method has to be
based on the design and objectives of the study (2). Whether methods are used for
ranking individuals along a distribution, perhaps to identify low or high consumers, or
whether the actual group intake is required, will depend on those study objectives.
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Evidence from studies examining the performance of dietary methods is important in
this regard.
Much of the literature in dietary methodology focuses on validating methods for use
in population studies. This thesis will examine the performance of dietary methods, in
particular the diet history method, in clinical intervention studies. Although the focus
of this thesis is on the diet history method, understanding the intricacies of other
methods, which incorporate different primary principles and inherent biases is also
important. While this review is limited to studies published in English, the evidence
can clearly be utilized to inform dietary assessment practices. This review assesses
the dietary assessment methodology literature over several decades with a focus on
the measurement of macronutrient and energy intakes in human adults. The
approach to this literature review is broad, but understanding the issues faced when
assessing individual dietary intakes, requires evidence from a range of contexts and
sample groups. In addition, the world-wide interest in diet and disease relationships
has meant that published work crosses many international boundaries making a
review of the literature quite intricate. Section 1.1 outlines the structure of the review
from the history of dietary assessment methods to the performance of the diet history
method in clinical intervention studies

1.1. Outline of review
In Section 1.2 this review will address the history of dietary assessment from the
1930’s through to the present; highlighting the evolution towards current thinking
regarding methods for use in research. The methods currently in use today and their
benefits and pitfalls will be outlined in Section 1.3. Since dietary assessment
methods, at present, are not used in isolation to determine nutrient and energy
intakes in individuals, Section 1.4 will address other methods used to externally
authenticate measures made with dietary assessment methods. The focus of this
section reflects the methods to be used in this thesis, although other methods will be
mentioned. Knowledge of the basic principles of methods for measurement of dietary
intake will then allow for explanation of the concept of their performance. Section 1.5
explains the concepts of validity and reproducibility, which are both fundamental
requirements for good method performance. Since validity and reproducibility can be
affected by both internal and external factors, Section 1.6 will examine the evidence
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to support or refute the role of each factor in affecting method performance,
specifically the phenomenon of misreporting and the subject characteristics shown to
influence self-report. In addition, this section will review the literature examining the
measurement and consequences of dietary within-person variation, which is known
to affect measures of dietary intake. Since the aim of this thesis is to investigate the
performance of the diet history method in adults participating in clinical interventions,
Section 1.7 will evaluate past research pertaining to both the internal relative validity
and the external criterion validity of the diet history method in adults in both small and
large studies and will also include studies examining the reproducibility of the diet
history method with varying time periods between repeat administrations. Lastly
Section 1.8 will address the use of dietary methods in intervention trials, paying
particular attention to studies having examined the diet history method in this context.
This review will show that there is insufficient literature pertaining to examinations of
dietary assessment methods, in particular the diet history method, in clinical
interventions and experimental supplementation studies.

1.2. Development of dietary assessment methods
For decades there has been interest in the dietary intake of individuals. In the early
part of the 20th century family diet surveys were popular (7) but in the 1940s new
issues regarding food security became evident as World War II progressed. The
assessment of the individual diet became a focus and comparative studies were
conducted. Dietary variation was first shown in longitudinal studies (8). The first
comparative studies between dietary assessment methods were also performed in
the 1940’s (9). In 1947 Burke published the first detailed description of the ‘history
method’ (10), which was essentially an interview about usual dietary intake. Burke’s
work emphasised the need to assess usual intakes in studies of diet and disease
with precision. The first validation studies were also conducted during this decade
between foods written in diaries and dietary histories (11).
In the 1950s comparative studies showed that dietary histories presented with much
higher values for mean intakes in groups than both food diaries and one day recalls
of foods consumed (12). Significant advances were made in establishing the
presence of dietary variation and in recognising the importance of assessing usual
intakes (13). During the 1960s dietary methodology focused on the need for shorter
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methods for use in epidemiological studies. The food frequency questionnaire and
list-based diet histories were introduced and validated in a number of studies (14,
15). Computer technology was considered for coding dietary questionnaires and from
this the sample sizes of studies grew (16). During this time a study was published
which first used graduated food models to aid in portion size estimation (17).
The 1970s saw the emergence of large surveys, especially in the United States
where the chosen method was a one-day recall (18). In the same decade, a very
influential paper by George Beaton examined the sources of variance in recall data
(19) and the concepts of between-person and within-person variation and their
potential confounding of dietary data were recognised. Some attention was also paid
to improvement of dietary assessment methods for use in the clinical setting (20).
The 1980s saw the rise of research, which examined the relationship between diet
and disease and statistical techniques for validation of methods became increasingly
more complex (16). Many studies examined nutrient intakes over various time
periods in an attempt to capture within-person variation (21, 22) and the introduction
of large nutrient databases in the United States and in Europe made calculation of
nutrient intakes in large samples easier than in the past (18).
Much of the work published between 1980 and today has focused on large scale
population surveys for establishing causal links between diet and disease. The earlier
literature in dietary assessment has been reviewed by both Jean Marr (7) and Shiela
Bingham (23) spanning the decades from 1930 through to the 1980s. Many
advances have been made in the area of dietary methodology; however, the
measurement of diet in humans is complex.

1.3. Dietary assessment methods
Over the years, four approaches to dietary assessment have appeared in the
literature and investigators have modified these methods to fit their individual
objectives. Although these modified methods are different in their contextual
administration and design, essentially each modification incorporates the general
principles of the original method. There can be mislabelling of methods in many
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cases where one may be labelled in a category, but resembles another and this
makes comparison of the performance literature difficult.
Below are the general principles of the main methods found in the literature:
i)

Diet history (DH): an open-ended interview or a food list recalling usual
dietary intake over a specified period. Usually it is administered by trained
dietitians but it can be also be self administered

ii)

Food frequency questionnaire (FFQ): a food list incorporating specific food
items and their frequency of consumption. Some may contain limited
portion options, which are closed-ended responses.

iii)

Food record or diary (FR): a diary for a specified period in which a subject
records all food and drink consumed. Foods may be quantified by weighing
or by estimating portion size.

iv)

24-hour recall (24R): an interview asking a subject to recall their dietary
intake during the 24 hours prior to the interview or on the previous day.

1.3.1. Diet history
The DH was developed by Burke over a number of years and a full description of this
method was finally published in 1947 (10). Burke’s DH incorporated an interview
about usual eating patterns, a cross check food list and a 3-day FR. The interview,
which was time consuming and took no less than an hour, was administered by
skilled nutritionists. Subjects were asked what they consumed on a normal day and
then variations upon that intake. As time progressed this open-ended approach was
modified to resemble list-based methods administered by dietitians or self
administered FFQs. These modified DHs allowed epidemiologists to capture habitual
intakes in larger samples with lower cost, time and labour (24-29). The term “diet
history” incorporates many different approaches and these sometimes stray from the
original characteristics of the Burke DH (30). Many interviewer-administered FFQs in
the literature have been called DHs or diet history questionnaires (DHQ) (28, 31, 32),
however there are some self administered versions as well (5, 33). In general, many
investigators have used “diet history” to describe a method that assesses the usual
intake of an individual over a specified period.
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The open-ended DH usually comprises an interview where subjects report their
intake, portion sizes and frequency of consumption over a specified period. It
facilitates the analysis of meal patterns in addition to frequency and portion size. An
advantage of the open-ended DH method is that it includes all foods recalled by the
subject and not what is included in a list, however there is always the risk of omitting
important aspects of the diet (34). Nevertheless, this form of DH allows researchers
to capture foods that are not eaten frequently. This is important for classifying
individuals according to their position on the distribution of nutrient intake when
studying diet and risk for disease (29). The open-ended DH method also permits
detailed information on portion size and variations in intake (35).The estimation of
portion size is facilitated in many ways including photographs (36, 37), portion size
atlases (38) and food models (30, 39, 40). Open-ended DHs can gather information
regarding food preparation practices in the interview (31), however, some list-based
DHs have also done so (41). Another advantage of the open-ended DH is that, in
most cases, an interviewer is present, which may maintain respondents’ interest as
well as potentially clarify areas of misunderstanding (42).
The list-based DH consists of lists of foods and may contain closed or open-ended
questions on portion size and frequency. While the list-based DH is not meal-specific,
what sets it apart from a FFQ is the quantitative nature of the method that assesses
both frequency and portion size, in some cases incorporating an open ended
approach to both. There are list-based DHs in the literature that have added openended questions for foods not included in the list (33), however, many FFQs have
this as well (43). Some investigators feel that the removal of meal pattern analysis by
using food lists, takes away one of the fundamental characteristics of the DH leaving
an FFQ in its place (44, 45).
The DH method, while providing strong data, does have it weaknesses (46). People
participating in DH administration are prone to memory lapse and, perhaps,
psychological tendencies to over- or under estimate intakes (39).The DH method is
time-consuming and in most cases, requires trained interviewers for administration
(10, 23, 47). Several investigators have tried to overcome this by designing selfadministered DH questionnaires (DHQ) (48) and computer-assisted DHs (49),
however, studies have shown that data are better when a trained interviewer is
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involved in administration (50, 51). Moreover, self-administered DHs require
extensive pilot research (37, 52, 53), which can often be costly and laborious. The
implementation of such pilot research can often be justified in larger studies where
time can then be saved in method administration.

1.3.2. Food frequency questionnaire
The FFQ was originally a modification of the DH method developed by Burke (10)
and was designed to assess food patterns or habits and not nutrient intake (54).
Generally FFQs do not collect as much detail as diaries, but they are not designed to
perform the same task- they measure usual diet not actual diet (55). They are the
most common tool for use in epidemiological studies (56), but have also been used in
the clinical setting (57, 58). Essentially the aim of a FFQ is to determine if groups of
individuals are differentiated by their use or non-use or the frequent or infrequent
consumption of certain foods, which could then be tested for an association with
disease (23). They consist of a food list that is usually compiled from identifying foods
that contribute the most to nutrient intake (56, 59, 60) or that account for the most
between-person variability in specified nutrient intakes (43, 61-64). FFQs generally
consist of food items grouped based on their characteristics (65). The extent to which
foods are grouped is based on the length of the questionnaire. FFQs range in length
from short lists (66), through to extensive booklet style questionnaires with over 100
food items (67, 68).
FFQs have been based on dietary recall periods of 7 days (69), one month (64, 7072), six months (73-75) and one year (43, 55, 56, 63, 68, 76-94). They are closedended questionnaires, and are either self- or interviewer-administered. The debate as
to which administration method yields better apparent validity continues.

Most

studies have shown that interview administered FFQs and self-administered FFQs
are comparable (95). In fact, one study showed that an interview–administered FFQ
produced poorer agreement with 16 days of food recording than a self-administered
DH (81).
Some FFQs contain portion sizes (81), which may be standard (semiquantitative)
(43, 62, 73) or open–ended with a picture booklet (quantitative) (68). They rely on
accurate estimations of the frequency of consumption. Bingham et al showed that a
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FFQ was unable to rank individuals better than one 24R because of inaccuracies in
the estimation of frequency (96). This was also true when a FFQ was compared to a
FR (80).
FFQs require little training for administration and reduce subject burden, which
ultimately increases participation rates (47, 50). They are also easily coded for large
studies and are able to assess the relationship between diet and chronic disease
reasonably well (97, 98), however, their dependability for measuring absolute nutrient
intakes and dietary change is questionable (99, 100). FFQs are also prone to
memory lapses (23, 47) and the design of the FFQ can also affect results (68, 75, 79,
82, 101-105).

1.3.3. Food record
The FR is an account of all food and drink consumed by an individual or group during
a specified period recorded at the time of consumption. Widdowson and McCance
were the first to conduct studies using FRs (106, 107), which they called the
‘individual method’. Subjects were asked to describe and weigh all food and drink,
cooked and as served. Leftovers were also weighed and recipes for mixed dishes
were included. More recently food records have been conducted by addition where
foods were weighed as added to the plate and waste was weighed after the meal
(108).
FRs have been used in many large epidemiological studies (21, 109-111), smaller
scale intervention and clinical trials (30, 38), in children (112) and in the elderly (110).
Most studies have shown that estimated FRs provide data, which is comparable to
weighed FRs (4, 113-115). Weighed FRs have been used in many validation studies
to date as reference methods (9, 30, 116, 117). They are often considered to be the
“gold standard” for estimating nutrient intake. However, they place further burden on
the subject and given that it has been shown that intakes in the first few days of a FR
are higher than in the days following (118-120), compliance is an issue. Weighing
has also been shown to result in significantly lower recorded energy intakes
compared to estimation (121, 122) and weighed FRs have lower cooperation rates
than estimated FRs or records relying on household measures (7). FRs require that
subjects be literate and motivated (123), yet they still have to be trained or instructed
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on recording practices (23). Based on this, many investigators have chosen to use
estimated records, which can be easily administered and can capture several days of
dietary intake with lower subject burden (33, 63, 77). It has also been shown that FRs
change eating practices with subjects reducing or increasing their intakes in
response to recording (47, 119, 124-128).

1.3.4. 24 hour recall
The 24R is a measurement of an individual’s dietary intake over the 24 hours prior to
the collection of the information. The origins of this method are unclear and the
earliest known record is from a study of aircraft workers in California (129) where a
two day recall was conducted, which asked for all foods consumed at each meal.
Since then the 24R has been used in large nutrition studies over the years, many of
which have been conducted in the United States to examine the dietary patterns of
Americans. The Framingham Study from 1967-1970 (24, 130, 131), the first National
Health and Nutrition Examination Survey (NHANESI) from 1971-1974 , NHANESII
from 1976-1980 (132), Lipid Research Clinics Prevalence Study (133), Multiple Risk
Factor Intervention Trial (134) and NHANESIII (135) are some examples. A single
24R was used in the Australian National Nutrition Survey in 1995 (136) to assess the
diets of Australians (137). Many studies have used telephone administered dietary
recalls, which reduce cost and labour (138), but there are concerns over sampling
and non-response biases when conducting telephone surveys (139).

One study

used a self-administered 24R in adolescents, which proved good estimates of intake
and showed an ability to detect changes over time (140).
While one 24R is often not satisfactory for measuring usual intakes due to large
within-person variability in dietary intake (19, 141), multiple recalls can provide data
on usual diet over a specified period of time (142, 143). Multiple 24Rs have been
used in many large studies as measures of habitual intake and as reference methods
against which test methods are evaluated (29, 55, 58, 91, 144-148).

1.4. Objective measures of dietary intake
Objective or criterion measures of intake provide independent checks of method
validity and subject compliance (149). They are continually researched for their ability
to replace self-reported intakes in studies where compliance or perhaps vulnerability
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needs to be measured as well as to rank individuals according to their intake (150).
They can be physiological (measures of energy expenditure) or biological, the media
usually comprising blood and urine, however skin, hair, nails and faeces have also
been examined (62, 150). Measures of energy expenditure (EE) have been used to
ensure the plausibility of energy intake data (EI) (151).
Various micronutrients in serum explicitly the carotenes (147, 152-156) , Vitamin C
(152, 157) and folate (158) have been compared to their respective reported dietary
intakes. Carotenes have also been used to validate measures of fruit and vegetable
intake (155, 159) Isoflavone intake has been compared to urine isoflavone excretion
(160) and urine sodium and potassium have validated sodium measurements in
hypertension studies (161-163). Urinary potassium is being examined further for its
ability to act as a potential marker for dietary intake (164). Even urine osmolality has
been explored as a potential indicator of trace element intakes (165).
Urine nitrogen, probably the most widely used of the biochemical markers, has been
compared to protein intake reports and has been used to check compliance with
dietary regimes in intervention trials (166, 167). Biochemical markers of fat intake in
serum and in adipose tissue have been used to ensure compliance with
supplementation regimes and to investigate dietary fat composition over a certain
period (168-170) as well as to validate dietary fish and seafood intakes (171). Cheek
cell fatty acid composition has been examined for its ability to reflect dietary fat intake
(172) as have skeletal muscle phospholipids (173, 174) and adipose tissue (170).
Currently there is no biomarker for carbohydrate intake as it is homeostatically
controlled (62). Hair samples have been considered as biomarkers for iron (62),
copper (175) and zinc (176) status, although specificity has been questioned.
Although biochemical markers and measures of EE may inherently be associated
with less random error, the specificity of the markers and the potential variation in
measurement may be problematic (23). While dietary intakes in a group may be
similar, the individual response to nutrient intake has limited the use of biomarkers for
replacing dietary assessment (160). In addition, many biochemical markers are not
able to yield quantitative estimates of nutrient and energy intake where required
(150).
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1.4.1. Energy intake
Comparisons of EE and dietary EI have been used to test the plausibility of EI data
(177). Examining the relationship between EI and EE has been done in two ways.

1.4.1.1. Energy expenditure
Direct comparison of measured or predicted EE can be made with EI. In a state of
energy balance EE should equal EI and, therefore, EI:EE equals one. The 95%
confidence intervals (CI) of the expected EI:EE are calculated to determine the lower
limit for identification of underreporters (34). EE can be estimated from prediction
equations (178, 179) or measured from doubly labelled water or calorimetry (180,
181).
One of the major advances in the last two decades has been the application of the
doubly labelled water technique (DLW), which has allowed researchers to measure
average daily EE in free-living individuals (182, 183). Labelled isotopes oxygen 18
and deuterium, which are delivered in water, are measured upon excretion over a 1214 day period. CO2 production is calculated and EE is determined (184). This is then
compared to self reported EI. In general, underestimation of EI has been shown in
many DLW studies with FRs (91, 122, 185-188, 189 , 190, 191), but is more
pronounced in overweight and obese individuals (151, 192-195) and in those with
large EEs (196-199)}. DLW studies have also shown females to underreport EI more
than males (194, 200-202).
Daily EE from a whole room calorimeter (WRC) (180, 181) has also been used to
validate self reported EI. The WRC combines measurements of respiratory gas
exchange, oxygen consumption and carbon dioxide production to provide 24 hour
EE. Three studies were found using WRC-EE to validate dietary reports. Two, found
that when average EI from FRs was compared to 24hr EE, the FRs underestimated
EI (203, 204). Studies using metabolic hoods to measure BMR have also shown
underreporting with FRs (205, 206).

The third study showed that overweight

individuals provided accurate estimates of EI from a DH when compared to EE
measured with a WRC (207). This, however, may suggest underreporting since the
physical activity of the individuals could not be accurately simulated in the chamber,
therefore, underestimating actual EE.
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1.4.1.2. EI:BMR
Where measures of EE are unavailable, the EI:BMR ratio can be used for
comparison with EE:BMR or physical activity level (PAL). This method uses the
principles of energy physiology to define cut-offs for reporting obviously implausible
self-reported EI in individuals. By calculating the ratio of EI to BMR, investigators can
determine if the EI reported by an individual or a group is sufficient to sustain life at a
minimum PAL. The derivation of the cut-off limit was first published by Goldberg et al
in the early 1990s (208). Earlier work showed that FRs displayed a unidirectional bias
towards the lower end of the range when compared to DLW (151). Goldberg et al
showed that when EE was measured with DLW the minimum plausible EE for an
exceptional individual on a very low EI was 1.2×BMR if they were to remain
completely bed-bound. Taking all things into account it was reported that a healthy
adult could not survive with a habitual PAL below 1.35 (208). Therefore, the cut-off
for habitual PAL and thus EI:BMR was 1.35. Groups with a mean EI:BMR falling
below this limit were underreporting EI.
It was recognised that this cut-off of 1.35 may not be true of actual intake where
individuals may report intakes below 1.35×BMR, which were true of the days of
recording (209). More stringent cut-offs were derived in this instance based on the
sample size and the duration of sampling and using a sedentary PAL of 1.55. These
cut-offs took into account the natural within-person variation in diet, in BMR and in
PAL and corresponded with the lower 95%CI for the ratio EI:BMR. Cut-offs were
calculated based on sample size and period of recording for a given PAL of 1.55 for
groups and individuals and were published in Goldberg et al (208) for use in
validation studies.
In later work, Black et al recognised the limitations of using general PALs and
measures of variation to calculate the cut-off (210). They recommended the
derivation of study-specific cut-offs based on the PAL of the group and the measured
variation in diet (coefficient of variation or CV), BMR and PAL. Using study-specific
values ensured that the cut-off was as specific and as sensitive as possible (211).
They also recognised that since many studies may not have repeat measures of EI,
BMR and PAL, calculating the within-person variation is not possible. Recent studies
have shown that using the sedentary PAL of 1.55 reduced the sensitivity of the ratio
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for detecting underreporters as identified by DLW, while the PALs based in FAO/
WHO/ UNU specification (212) did not (213) Recommended values have been put
forward by Black et al based on pooled studies to ensure specificity of the ratio. A CV
for BMR of 8.5% was recommended (210), a CV for PAL of 12.3% (214) and a CV
for EI of 23% (211, 215). Several studies have used the EI:BMR ratio to identify nonvalid reporters of EI (126, 135, 215-219). Studies using this method have shown
underreporting of EI with DHs (220, 221), FRs (210, 216, 222), 24Rs (223-225) and
FFQs (225). Nevertheless, the limitations of the ratio prior to the year 2000 mean that
they must be treated with caution. Using study-specific PALs measured with activity
diaries, accelerometers or self-reported activity, together with study-specific
measures of variation will increase the lower limit of EI:BMR possibly identifying
higher degrees of underreporting (226). Research purporting that underreporting in a
sample group was low based on inaccurate cut-offs and then not adjusting for EI, can
have serious implications for method performance.

1.4.2. Protein intake
1.4.2.1. Urine nitrogen
In the early seventies, it was shown that the amount of nitrogen (N) excreted in the
urine (UN) could be used as an indirect measure of the accuracy of records of food
intake (227). Another study the following year used this range to assess the
difference between 24-hour UN with nitrogen intake (NI) calculated from a dietary
interview in patients with cardiovascular disease (228). They found no correlation
between reported NI calculated from the interview and UN (r=0.16, P>0.05) and only
16 people out of the 60 participating fell within the limits. However, when dietary
intakes of the same patients were observed in a metabolic unit and then recorded the
relationship between NI and UN was significant (r=0.60, P<0.01). Assuming that NI
from observation was the “true” intake of the individuals, the researchers concluded
that UN could be used as an objective measure of NI.
Isakkson used the method for the first time in a large-scale epidemiological study
conducted in Sweden (229). He first penned the equation for calculating estimated
protein intake (PE) from the urine as PE=6.25x(UN+2g), which accounts for 1g faecal
and 1g dermal N losses and uses the constant conversion factor of 6.25 for the
average nitrogen content of protein. A valid estimate should yield a ratio of PE:PI of
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1.00 where PI denotes protein intake. Since then, many validation studies have used
the equation to calculate PE from UN (45, 91, 230-232).
Bingham and Cummings recognised the importance of establishing validation criteria.
In 1985 they conducted a highly controlled study to measure dietary N and its
relationship to extra-renal and non-renal N loss (233). The study showed that, when
dermal and faecal losses were taken into account, UN equalled approximately
81±5% of dietary N in healthy adults consuming normal Western diets (UN:NI=0.81,
range 0.70-0.90). More importantly, they showed that NI was highly variable within
individuals (CV=21%) and that 18 days of food recording and 8 days of urine
collections were required for NI and UN to be within 5% standard error of the mean
for each variable. Studies have shown that greater than two days of urine samples
are needed to assess UN (168, 234, 235).
The use of the UN:NI ratio for validation purposes has been questioned (236),
particularly with regard to the fraction of N excreted as NI decreases, digestibility of
certain proteins and fibre intake, which has been shown to affect digestibility of
ingested protein (233). However, Bingham and Cummings have defended their use
of the ratio by arguing that one cannot validate PE using a constant for non-urine
nitrogen losses as Isaksson et al originally proposed because the losses are
dependent on fibre intake, gut microflora, levels of physical activity, nitrates in food
and endogenous nitrous oxide production (166). Nevertheless, studies using both the
Isaksson ratio of PE to PI and the UN:NI ratio have reported little practical difference
between the two for validation purposes (220, 237).

1.4.2.1.1. Urea nitrogen
In 1979, Zlatnick used N excretion as an independent marker of compliance in seven
pregnant women who followed a low protein diet. He showed that 24-hour UN and
the nitrogen in the urea component of urine (urea N or UUN) both responded within
three days to changes in protein in the diet (238). Recognising that UUN was the
urine component, which responded to diet, Maroni and co-workers examined the
non-urea nitrogen components of the urine (NUN), which they assumed would be
constant in those in N balances. They found the mean NUN in a sample of adults in
N balance to be 0.031mg/kg/day when creatinine, uric acid, ammonia, protein and
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other unidentified compounds were taken into account. UN could be calculated by
simply knowing the UUN and body mass and hence UN=(UUN+0.031BW). This
equation has been used in numerous validation studies to date to calculate UN from
UUN (239-243).
From examination of the literature there are conflicting reports on PI estimation from
various methods. Some studies have found that FRs overestimate PI (231, 235), but
most show underestimation (230, 232, 239, 240, 244). Some have reported
underestimation by a FFQ (91, 147, 244) and others overestimation (235, 241, 243,
245, 246). Multiple 24Rs have been examined in the EPIC study in Spain and found
to underestimate PI (247) as was the case in a large Dutch study (225).

1.4.3. Fat intake
Dietary fat is one nutrient that has proved difficult to measure since it is not
recognisable in many foods and has biases associated with self-report (248).
Biomarkers for total fat intake have been highly sought after; however, their
metabolism and physiological functions in vivo are still under investigation (150).
Specific fats in the blood, cell membranes and adipose tissue can be indicators of
dietary fat composition (62). It has been widely recognised that human tissues
respond to dietary fatty acid intake. Early studies showed that serum (249), breast
milk (250, 251), adipose tissue (252) and erythrocytes (253) displayed the effects of
changes in the fatty acid composition of the diet. In addition, dietary fat has been
shown to alter the cell membrane composition of structural lipids (254-256).
The best fatty acid markers are those that cannot be endogenously synthesised,
namely the n-3 fatty acids from plants and sea animals, the n-6 fats from vegetable
oils (150) and branched chain fats from ruminant animal foods like milk (257).
Linoleic acid (18:2n-6) cannot be produced endogenously and when consumed can
be elongated and desaturated to produce longer chain unsaturated n-6 fats (258).
Similarly linolenic acid (18:3n-3) can produce longer chain more unsaturated n-3 fatty
acids like eicosapentanoic acid (20:5n-3) or docosahexanoic acid (22:6n-3). Oleic
acid (18:1) stimulates the production of longer chain n9 fatty acids, but 18:1 itself can
be produced from stearic acid (18:0) in vivo when in short supply. A drop in total
dietary fat as is seen with low fat diets has been shown to produce longer chain
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PUFAs in the cholesterol ester and triglyceride in response to the drop in essential
dietary fatty acids or perhaps a drop in the competition for enzymes when n-6 is low
(259). In addition, high fat diets show higher n-6 PUFA in the cholesterol ester and
triglyceride in response to the diet (259). Interactions between dietary and tissue fatty
acids are complex since there is a finite capacity for fat in most body tissues.
Therefore, dietary ingestion of some fats causes the displacement of others in living
tissue and ingestion of many essential fatty acids causes competition for desaturation
and elongation enzymes (259). Interpretation of dietary exposure to dietary fatty
acids is best facilitated by the long chain n-3 fats and 18:2 (169). Because SFAs and
MUFAs can be supplied from both endogenous and exogenous sources they have
limited capabilities as markers for dietary fat exposure (169). Other families currently
under investigation are the trans fatty acids (260) and conjugated linolenic acid (150,
261).
Tissue composition has been used to determine fatty acid intakes in large population
studies given the improvements in and availability of analytical techniques (262).
They have also been used as indicators of adherence to diet in experimental studies
(64, 263, 264). Chylomicrons are short term markers of dietary fat intake (150);
triglycerides may indicate fat consumption over hours or days; cholesterol esters
have been shown to reflect diet from a few days prior (265, 266), while erythrocytes
show steady states after four weeks (62) as do platelets (267). Adipose tissue tends
to reflect fatty acids over periods of months and years (258).
Fatty acid composition of adipose tissue has been used many times as a marker for
fat intake (64, 170, 171, 258, 262, 268-277). Increased dietary SFA has been shown
to be associated with increased palmitic acid (16:1) and stearic acid (18:0) in the
adipose tissue triglyceride while showing decreases in 18:3n-3 and arachidonic acid
(20:4) (258). Increases in dietary MUFA have been associated with increases in
18:3n-3, γ-linolenic acid (20:3) and total n-3 fatty acids in the adipose tissue
phospholipid (258). Despite strong relationships between SFA intake and adipose
tissue SFA in some studies, other studies have shown rather weak correlations with
both SFA and MUFA and better associations with PUFA (278), trans monoenes and
n-3 fatty acids (262). The contents of MUFA and SFA in the adipose tissue are
different between fat depots (279) and are also endogenously produced, which
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affects their specificity as markers (262). Adipose tissue, although a good marker of
dietary fat over the long term, requires aspiration of fat, which is hardly feasible in
field studies (280).
Individual fatty acids can be measured in the cholesterol ester, triglyceride and the
phospholipid of plasma or as free fatty acids (62). Plasma phospholipid has been
shown to reflect dietary n-3 fatty acid intakes as well as 18:2 as a percentage of fat in
the diet (281). Plasma phospholipids (PFa) have also been shown to reflect dietary
SFA and 22:6n-3 intakes (266); dietary PUFA and 18:2 (282). Cholesterol esters
have been shown to reflect dietary SFA (283) as have platelets (267). Another study
showed that the fatty acid composition of skeletal muscle also reflected the dietary
intake of n-3 fatty acids (173).
In the 1950s and 1960s it was recognised that the human erythrocyte membrane
phospholipid fatty acids (EPFa) responded to the fatty acid composition of the diet.
Fifty percent of the phospholipids are unsaturated compared to almost 75% in the
neutral lipids of other tissues (253, 284). Of the unsaturated fatty acids a large
proportion of those are C20-C22 polyunsaturated fat, which are common to dietary
triglycerides (253). Since red blood cells do not have the capacity for de novo fatty
acid synthesis or modification by elongation and desaturation, they are considered to
be good markers of mid term fatty acid intake (280).
EPFa has been shown to reflect the PUFA content of the diet. Studies of PUFA oil
feeding showed that an increase in dietary 18:2 resulted in an increase in 18:2 in
EPFa. (253, 285-288). EPFa 18:2 does respond to dietary increases in 18:2
however, the lower threshold is unknown (287). Comparisons between 18:2 from ad
libitum diets and EPFa 18:2 have not shown such good relationships (289).
Substantial literature supports the premise that long chain n-3 fatty acids are
adequately reflected in the erythrocyte membrane, the cholesterol ester and platelets
of healthy adults. Small amounts of n-3 fatty acids supplied by habitual fish
consumption have been found to be sufficient to influence the concentration of 20:5n3 and 22:6n-3 in the erythrocyte membrane (290). Higher levels of long chain 20:5n-3
and 22:6n-3 have been found in the serum phospholipids (64, 170, 171, 258, 262,
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268-277, 291), plasma (292), plasma phospholipids (290), platelet (292) and adipose
tissue fatty acids (170, 291) in groups with high marine food consumption. Moreover,
experimental studies supplementing with fish oil have been shown to increase 20:5n3 and 22:6n-3 in the cholesterol ester, the triglyceride, the plasma and the
erythrocyte. Adipose tissue did not respond to any large extent to short term
supplementation with long chain n-3 fatty acids , but in one study 20:5n-3 increased
from trace to 0.51% of total fatty acids when fish oil was taken daily for 3 years (293).
Later studies found that habitual intake of PUFA and n-3 fatty acids of marine origin
correlated well with PUFA and n-3 in the adipose tissue (262, 268). Other studies
have shown better relationships with 20:5n-3 rather than 22:6n-3 in the plasma
phospholipids (281, 290, 294).
Moderate feeding with fish oil has been shown to increase 20:5n-3 and 22:6n-3 in
EPFa (295), platelets (296) and plasma phospholipids (281). In addition, the dosedependent response has meant that 20:5n-3 and 22:6n-3 in various fractions have
been found to be good indicators of dietary long chain n-3 intake (297). Incorporation
of 22:6n-3 occurs during membrane development (263, 295) and, therefore,
adequately reflects 22:6n-3 intake over a period greater than four months (295) while
20:5n-3 has been found to be a better marker for dietary fish and fish oil consumption
over six weeks of moderate intake than erythrocyte 22:6n-3 (263). In addition,
erythrocyte 22:6n-3 is incorporated at the expense of n-6 fatty acids (263), which can
be explained by competition for the desaturase enzymes in the presence of n-3 fatty
acids (290). There has been evidence to support the hypothesis that 22:6n-3 may be
more homeostatically controlled than 20:5n-3 thus allowing the levels to remain
constant over a range of n-3 intakes (292). Levels of 20:5n-3 and 22:6n-3 in the
membrane remain elevated for six weeks post cessation of supplementation of fish
oil (298).
The MUFA 18:1 can be endogenously synthesized from carbohydrate (CHO) and,
therefore, is not a good marker of dietary 18:1. In addition, the difference between
the dietary isomers has an effect on the specificity of the marker. The cis isomer has
been shown to be better reflected in the cholesterol ester than the trans isomer (299).
Studies have shown that dietary 18:1 has different effects on tissue 18:1. In one
study an increase in dietary 18:1 from 11 to 20% of EI resulted in increases of 14% in
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triglycerides and 9% in the plasma phospholipids. There were no changes in the
cholesterol ester (265). Others have shown the poor relationship between dietary
18:1 and 18:1 in the cholesterol ester (266). One study examined an olive oil-rich diet
(100g/day) in healthy subjects and found that 18:1 in the membrane increased by
nearly 16% and SFA decreased by 3% (300). 18:1 responds in the tissues in
instances of very high supply, however in low supply, for example on a low fat
regime, 18:1 is made from stearic acid (62). It is for these reasons that tissue 18:1 is
not a good marker of habitual ad libitum 18:1 intake.
Comparisons of reported dietary intakes and fat biomarkers have yielded low
correlations. Where the biomarkers are concerned, the measurement conditions,
metabolic uptake and laboratory error have to be considered while on the dietary
side, measurement error and dietary variation affect results (150). Alcohol intake has
been shown to affect fatty acid composition of membranes (280), platelets (301),
triglycerides (282) and cholesterol esters (302). Increased alcohol intake has been
shown to result in increased palmitic oleic (16:1) in the membrane (280), however a
few studies have shown that minor alcohol consumption has little effect on serum
phospholipid composition (266, 290, 303). In addition, smoking increases free
radical-mediated lipid peroxidation and affects the lipid composition of the membrane
which in turn reduces membrane integrity (304). It has also been shown that the
tocopherol content of the membrane will determine its susceptibility to lipid
peroxidation – the lower the content of tocopherols the more susceptible the
membrane to peroxidation (305). No effect of body weight has been shown in either
cholesterol esters (266) or plasma phospholipid (290). The effect of gender is
debatable. One study showed little difference between the fatty acids in the
cholesterol ester, triglyceride and plasma phospholipid of married couples who
consumed a similar diet apart from 18:2 where the process of elongation to 20:4 is
accelerated by testosterone (306). Similar results were shown in another study in
plasma phospholipids (303).
Direct comparison with tissue fatty acids known to reflect dietary sources (18:2,
20:5n-3 and 22:6n-3) have shown that the choice of method will determine the
strength of the relationship between these variables. FRs have been shown to
compare with erythrocyte 18:2 and 18:1 (307). FRs have also been shown to yield
51

better correlations with adipose tissue fatty acids than FFQs (308). The FFQ has also
failed to show correlations between conjugated 18:2 in the diet and in the plasma,
while the association was shown for a 7-day FR (261). FFQs have also been shown
to present with poor correlations for adipose 18:2 and dietary 18:2 (64, 262, 269).
However, the relationship between tissue 20:5n-3 and 22:6n-3 and the diet has been
shown for FFQs (266, 309-311), FRs (171, 258, 280, 306, 312), 24Rs (273, 313)
and DHs (314).
In general, the evidence shows that levels of dietary long chain fatty acids 20:5n-3
and 22:6n-3 are related to the levels seen in the erythrocyte, the cholesterol ester
and the plasma phospholipids. Their short-term representation in the adipose tissue
is still contentious. Levels of 18:2 in blood lipid fractions seem to reflect dietary 18:2
when in the presence of a high PUFA diet but not necessarily from an ad libitum diet.
Alternatively, dietary MUFA, 18:1 and dietary SFA, since they are endogenously
produced have not been shown to be good markers of dietary intake in the serum
lipid fractions however, their representation in platelets and adipose tissue, especially
for SFAs has been shown in some cases.

1.5. Concept of performance

1.5.1 Validity
Validity can be defined as the ability of a method to measure what it is intended to
measure (315, 316). Validation can be considered to be an estimation of the total
measurement error in a dietary assessment method (317, 318). Validity is assessed
using statistical models that specify assumed relationships between true and
measured intake (test method). Given that it is not possible to measure ones true
intake, validity is measured against a reference method (319). Measurements made
with both test and reference methods should reflect estimates of dietary intake and it
is often assumed that the reference method is more accurate than the test method
(317). Of importance is recognition that these studies are not true validation studies
as they are unable to determine the validity of the test method when the true validity
of the reference method is unknown. Technically, these studies are relative validation
studies as test methods are validated relative to a reference method of unknown
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validity. Preferably, reference methods should be prone to different biases and
should have errors, which are independent of test method error. FRs are popular as
reference methods (317), but multiple 24Rs have also been used to validate
measures of habitual intake (29).
The validity of the test method in relative validation studies is highly dependent on
the reference method for comparison. FRs and multiple 24Rs have been used as
reference methods to validate measures of habitual intake like FFQs and DHs. Since
it has been shown that FRs are prone to certain biases and tend towards
underestimation of intakes in both DLW and UN studies (191, 320), the use of the FR
for reference in validation studies must be questioned. Disproportionate biases can
result from comparisons with other instruments and their validity can be
misrepresented. In other words, the poorer the reference data, the lower the validity
of the test method will be. Alternatively, if the test method is indeed underestimating
intake as is the reference, the true extent of underestimation cannot be revealed and
the test method appears to give valid absolute intakes (315). Similarly, when a FR or
24R is used for reference, but fails to capture adequate variability in the diet,
comparisons between methods can be misleading. Since it has been shown that
greater than seven days is needed for energy, protein and fat to be within 20% of
true intake (321, 322), it is unlikely that values from the test method will compare with
the reference, thus undermining its validity. It is recommended that an objective
measure of intake like UN or DLW be incorporated to ensure the validity of the
reference method (23, 323, 324). Since this is not always possible, results from
comparative relative validations should be treated with caution unless an objective
measure of intake has determined the criterion validity of the reference method.

1.5.2. Reproducibility
In addition to accuracy, dietary assessment methods should also be reproducible i.e.
should give the same answer when administered again in the same context
assuming nothing has changed in the interim (315). Reproducibility or test-retest
reliability is a minimum requirement for method performance. Methods need to be
administered under the same conditions a specified period apart. Reproducibility is
affected by the two components of error, within-person variation and measurement
variation. Within-person variation should be minimised so that measurement variation
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can be assessed (7). Reducing within-person variation often means increasing the
number of tests or test days (19, 71, 325), however statistical techniques can adjust
for this variation (326)
Reproducibility studies over the years have used different time frames for test retest
administration - some a matter of hours (69) and days (69), others weeks (109, 327),
months (50) and some years (36, 130, 328, 329). Unless the expressed aim of the
study is to examine dietary data years apart, reproducibility studies should not use a
time frame in which dietary change is likely to occur i.e. months or years, which may
undermine comparability between test and retest data (315).

1.5.3. Statistical and analytical issues
Comparisons between group intake from one method and a reference method do not
constitute a validation investigation (315). Many statistical techniques need to be
applied to obtain the whole picture of the various aspects of validity. For instance,
paired t-tests between measures can determine whether the group mean intakes are
different from each other, but this does not inform on how close each test value was
to the reference at the individual level (agreement). This can be assessed using
correlations, however good agreement between test and reference methods as
assessed by correlation does not necessarily indicate validity, but may be due to
similar errors occurring in both methods (330). Good test-reference correlation
coefficients could result from a comparison of similar errors which occur in both
methods (331). Essentially this violates the assumptions of the validation model, but
some errors are difficult to isolate. The correlation coefficient is not the definitive
measure of agreement between two methods. Techniques introduced by Bland and
Altman (332) can also assess agreement between measures by examining the
spread in bias, which can then inform on the between-person variation in
measurement. This technique also examines the relationship between bias and
mean intake allowing the validation study to determine patterns of bias with
increasing measured intake. Other assessments of agreement have also been used
in the literature. Percentile ranking i.e. ranking cases in percentiles of measured
intake allows for investigation of their ability to rank individuals in similar percentiles
of measured intake (142). The percentage of individual cases ranked in the same
percentile by both methods can be used as a measure of their agreement. Another
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method, which has been proposed, is the use of the ratio of within-person variance to
between-person variance (333). The lower the ratio the better the tool performs since
between-person variation is larger than within-person variation, the latter of which
has an attenuating effect on the correlation coefficient (19, 79, 334).

Failure to

account for dietary variation can have an effect on test-reference agreement where
correlation coefficients are biased towards zero. Correcting for within-person dietary
variation is important in validation studies where measurement error is of more
interest. Direct observation of an individual’s intake or another form of independent
validity check can be used. Objective measures of intake are useful as an adjunct to
relative validation procedures (see Section 1.4). These measures may be “gold
standard’ measures of either nutrient or energy intake and provide objective values
with assumed independent errors against which the test method can be compared.
The effect of between person differences in intake can also affect results. Large
between-person variation tends to increase correlation coefficients giving “false
positive” results (326). A method given by Willett et al to correct for this can also be
used. This method involves regressing nutrient intake on EI and adding the mean
predicted value to the resulting non standardised residuals of the plot (335). This
model is used to assess nutrient intake independent of EI and removes the effect of
fluctuating nutrient levels between individuals. This is especially important in
assessing the relationship between diet and disease where the disease aetiology
may be affected by absolute nutrient intake and in turn caloric intake (62).
Statistical techniques should be considered carefully once the objectives of the
validation have been established. Tests should reflect these objectives and the
assumptions of each model should be carefully researched.

1.6. Factors affecting performance
There are two forms of error in dietary assessment, which are of concern: systematic
error or bias and random or non-bias error
i)

Systematic error/bias: affects the accuracy or validity of the method and is
associated with dietary intakes. Systematic within-person error can result from
repeated
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(misreporting) (23). Systematic between-person error refers to the variation in
degree of systematic within-person error and is likely to occur often in dietary
measurement. This form of error remains no matter how many observations
are made (62).
ii)

Random error: Random within-person error affects the precision or
reproducibility of dietary measures and is the natural day to day variation in
food intake (within-person variation) (336). Random between-person error can
result from using too few measurements in the presence of random withinperson error. Increasing the number of observations will decrease withinperson random error (62). Random errors tend to have their greatest effect in
nutritional epidemiology where they bias correlation and regression
coefficients to zero and relative risk to one. This has implications for the
establishment of diet-disease relationships. In validation studies random error
in the reference method tends to bias correlations between test and reference
methods towards zero. Correcting for within-person random error improves
correlations between test and reference method (336).

1.6.1. Underreporting
Misreporting (under- or overestimation) of intake is common and occurs often in
dietary assessment. Underreporting was first highlighted some 20 years ago in the
Beltsville Dietary Intake Study, which showed that when 29 subjects ate self-selected
diets and provided four one-week duplicate portions for analysis that most mineral
and trace element reports were lower than those analysed by duplicate portion.
There was also a 12.9% decrease in EI during the recording period (337). Mertz et al
(122) showed that in 266 volunteers, food intake reported was almost 18% below that
needed to maintain weight (average of 2930kJ below) and that almost 80% of
subjects underreported their EI. Similar results were found for recalled intakes with
subjects recalling 12% less energy than required to maintain weight using a multiple
pass 24 hour recall (338).
There are many explanations in the literature for the phenomenon of underreporting.
Underreporting can occur through the unwillingness to report dietary intakes, which
are not considered to be socially acceptable. The concept of social desirability in
dietary assessment and the biases associated with it have been reported by few
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(339-345). A person’s tendency to provide the most socially desirable response to a
question is highly predictive of underreporting (346). This form of bias may also
explain why certain nutrients are consistently underestimated in interviews, but not in
records (30, 189). In addition, social approval biases have been found to distort
energy and nutrient intakes even in structured questionnaires (347). However, this
bias does not seem to affect men as it does women with men being shown to
overestimate intakes (339, 340). Dietary intake reports may also be closer to
perceived norms rather than actual intake (348). In addition, it has been shown that
more educated women are more prone to social approval biases and, therefore, to
underreporting as their knowledge of perceived social norms is better (347).
Many investigators have found that fat tends to be underestimated in interviews when
compared to self-administered questionnaires (32) and that underreporting is specific
to fatty foods and fat intake (33, 248, 349-351). One study showed that the dietary
intakes of underreporters were generally lower in fat than overreporters (218). The
same was found for sugar, sweets and confectionary in a British health survey (126,
352) and in a Norwegian national dietary survey (NORKOST) (218). Pregnant
women were also shown to report healthier diets when interviewed as opposed to
recording in a diary (353). Studies have shown that people tend to overestimate their
consumption of healthier foods (79, 82, 345, 354) and more socially desirable foods
and underreport less desirable items (68, 223, 355, 356).
Under- and overreporting affects individual-level agreement between test and
reference methods by reducing correlation coefficients. However, it has not been
shown to significantly affect mean intakes (81); data presented as a percentage of EI
(194, 219) or nutrients adjusted for between-person variation in EI (357). Some feel
that it is not wise to exclude underreporters from a study as recording behaviour and
between-person food habits can also be involved in reducing correlation coefficients
(358). Regardless, it is still important to identify the degree of underreporting and the
characteristics associated with underreporters to establish the plausibility of reported
dietary intakes in representative groups.
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1.6.2. Subject characteristics
1.6 2.1. Body size/fatness
A number of studies have shown a tendency for overweight or obese individuals to
underreport dietary intake (192, 193, 205, 216, 218, 222, 224, 350, 359-361). One
study from a large British health survey showed that for every 1% increase in BMI,
there was a 5.68% increase in the odds of being an underreporter (216). Some
investigators have shown adiposity to be a predictor of underreporting (202, 220,
362) but not all (363).
Interestingly, in many of these studies weight is used to calculate BMR yielding
higher values for obese individuals, who report lower EIs (364), resulting in low
values for EI:BMR and increased probability of identification as an underreporter
(126). In fact, a recent study showed that the Schofield equation, an equation based
on sex and body weight used in most studies where BMR is predicted, overestimated
BMR in obese individuals resulting in lower EI:BMR, which then translated into
underreporting at both the group and the individual level (365). The evidence also
shows that obese individuals do not have a reduced BMR, but rather have higher
energy requirements due to an increase in metabolically active tissue (366). Since
larger individuals have large fat-free mass, which is the main determinant for BMR,
BMR has been found to increase with increases in body fatness (365). However,
Horgan et al showed that BMR increased more slowly at higher weights and by using
weight as a predictor, overestimation of BMR is likely to occur (365). Other studies
have shown the Schofield equation to overestimate BMR in non-obese individuals
and when BMR was measured using indirect calorimetry group underreporting was
no longer evident when the EI:BMR ratio was used (237).
There has been at least one study that has shown no difference between reports
from obese and non-obese individuals (207), however, the same investigators’ earlier
work supported the overweight-underreporting relationship (232). Dieting has been
shown to be a predictor of underreporting (220, 222, 237, 340) as has greater weight
consciousness (237) and dietary restraint (222, 367). There is evidence that nonobese small eaters are more likely to overestimate EI (flat slope syndrome) (32, 118,
189, 368). Likewise, lean people have shown a tendency to overestimate reported
intake (177, 192) as have those who wished to gain weight (218). Total
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underreporting in obese men was shown to be due to under eating during the
assessment period rather than underreporting in many cases (369).

1.6.2.2. Age
The performance of dietary methods has been shown to differ with age. Investigators
have shown that elderly people were able to recall well in interviews (217, 315) and
gave good estimates of dietary intake in FRs (370). In the elderly, some found that
interviewer-administered methods were superior to self-administered methods with
respect to reporting practices (28, 32, 39) while others showed that self-administered
methods worked well (89, 187). One study examined the relationship between
recalled intakes and observed intakes in elderly nuns (371). This group was chosen
on the premise that they might be more honest and would have stable eating
patterns, which might be easier to measure. Investigators were surprised when, even
in this group, results were poor. Recalling dietary intakes in the elderly has always
been a challenge (372). However, studies have shown that prior warning of method
administration improves results from 24Rs in the elderly (373). In addition, it has
been shown that agreement between recalled and recorded intakes 10 years in the
past were similar for younger subjects and those over the age of 80 years (51).
Increasing age has been found to be a strong independent predictor of
underreporting in a few studies (219, 223). It has also been shown that younger
women report more accurately than older women and older men report more
accurately than younger men (56). In children, FFQS (356, 374, 375), 24 hour recalls
(376, 377), DHs (378) and FRs (379, 380) have provided good estimates of dietary
intake.

1.6.2.3. Ethnicity
List-based dietary assessment methods have shown differences in validity among
different ethnic groups and have been found to work well in a multicultural population
when modified to suit cultural needs (381, 382). Cultural groups respond differently to
food assessment methods (383). Investigators in the Women’s Health Trial
Feasibility Study in Minority Populations found that the FFQ performed better in
Caucasians than in African Americans (384). Low literacy levels in African American
individuals and the exclusion of commonly-eaten African-American dishes from the
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FFQ list were some possible reasons for the poor performance of the FFQ in this
group. Similar results were found for other FFQs (78, 80, 93), a FR (80) and for the
CARDIA diet history (31, 385). In the latter case more African Americans than
Caucasians had to be excluded from the analysis for providing caloric data that was
considered outside a feasible range for usual dietary intakes (31). Hankin et al, in a
validation of a list-based DH among five ethnic groups in Hawaii, found that the DH
overestimated fat, protein and cholesterol in Caucasian, Hawaiian and Filipino males,
but underestimated these nutrients in Chinese and Japanese males when compared
to FRs (381). In addition, Caucasians did not perform as well as the other ethnic
groups and reproducibility in Caucasians was also poorer than in their Chinese and
Japanese counterparts. Ethnicity does appear to have an important role in dietary
assessment across cultural lines. In large population surveys, failure to account for
all groups can seriously affect method performance.

1.6.2.4. Sex
Several studies have shown women to be poorer reporters than men (29, 88, 218,
219, 223, 246, 349, 385, 386). When two FFQs (33, 43) were examined for their
ability to detect associations between diet and cancer, 11.7% of data from females
had to be excluded due to extreme values that were considered unfeasible. This was
compared to only 8.7% for males (95). Similarly, Mensink et al found that men
presented with better agreement between a DH interview and both a weighed FR
and a 24R than women (387). Others have also found little difference between
reports from males and females (64, 224, 388). More research is needed in this area
to determine systematic biases in reports from males and females. Sex differences
have implications for between person variations in nutrient and energy intake, which
then affects correlation coefficients between paired data (19).

1.6.2.5. Literacy and socioeconomic status
Less educated men and women have shown to be more likely to underreport their
intake (201, 205, 219, 223). Poor literacy skills have been shown to be characteristic
of men (201) and women (389) who underreport, particularly black men with lower
incomes (78). Literacy is important where self administered tools like the FFQ and
24R are concerned (47). Large population studies can have difficulty screening for
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literacy, which can have implications for FFQ administration and the completion of
multiple day FRs (47). College graduates have presented with better agreement
between test and reference methods than those who had no college education (93).
Some authors have also shown that lower socio-economic groups were more likely to
underreport (186, 390). When the NHANES III data was examined for underreporting
of EI, it was found that higher percentages of people who were below the poverty line
were underreporters (135). The same was found for less educated individuals. In the
Whitehall Study conducted in Britain it was shown that both employment grade and
socioeconomic status were associated with underreporting. Those with lower grades
and status tended to underreport (391).

1.6.2.6. Health Status
Few case-control studies have published their validation investigations. In the few
diet-cancer studies found, recalled intakes were different between cases and
controls.

In repeatability studies, recalled intakes at subsequent administrations

were different in people with colorectal cancer, but not in controls, which may reflect
true decline in intake with disease progression (40). This was also shown in women
with breast cancer when compared to healthy controls (83). Better validity of a FFQ
has also been shown in controls when compared to women with breast cancer (94).
It has been suggested that disease state influences subject-method interaction and
then bias the estimated effect (76). It has also been shown that people with diabetes
tend report in line with their prescription diets (392, 393). They may also display
lower within-person dietary variation than the general population (394), but this is not
always true (109). The effect of health status on reporting practices is important as
many studies are conducted in groups with particular health conditions. The literature
in this area is limited and more research is needed to investigate differences in
reporting practices between healthy and affected individuals. Potential biases in
reports from individuals with particular conditions may affect study outcomes when
under examination. Subject characteristics, which have been shown to affect dietary
reporting, do not operate independently. They may work in combination to affect
reporting practices. It is, therefore, important to assess the social environment of
study groups in performance studies.
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1.6.3. Memory/recall
Blundell points out that reporting on food intake is more psychological than nutritional
and that the cognitive processes required in the recall of eating behaviour are very
complex (395). Dietary assessment requires a subject to form an image of a food
item in their mind and then generate and appropriate self report on that item (396).
Cognitive processes affect how we perceive food items. In one study, subject pairs
who ate together were required to describe the same foods in a recall (397). It was
found that differences in reported energy density for various dishes as described by
each member of the pair were extremely high. For example there was a 73%
difference between subjects for descriptions of pork chops, 62% for chicken and 38%
for cheese.
Subjects have reported difficulties in describing foods and have expressed a
preference for a shorter recall periods (35). Recalls have also shown lower intakes
than records (30, 39, 392, 398, 399). Nevertheless, it has been shown that recalled
intakes from the

distant past (in some cases more than 50 years) do agree

moderately with actual intake from that reference period (36, 400-403). It has also
been shown that current intake influences reports on intake in the past (401, 402,
404). Where recalled and recorded are within close proximity intrusions can occur i.e.
where foods not eaten are recorded due to confusion between current and actual
intakes. This has also been termed “false positive” reporting and has been found to
occur often with long term recall where valid and reconstructed information is put
together as a memory (70, 405). There is little in the psychological literature about
the processes involved in the recall of food intake. This area of investigation is
problematic since cognitive function is not easily assessed.

1.6.4. Response-set bias
As early as 1959 it was recognised in the literature that subjects altered their food
intake when diet was assessed (13). This has been confirmed by later studies (124,
397, 406). In an examination of patient experiences in the Hypertension Prevention
Trial in the United States, a large multi-centre clinical trial examining the effect of
sodium restriction

on blood pressure, subjects in the low sodium arm reported

consuming more low sodium foods during the days of food recording (125). Similarly
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the high potassium arm reported eating more high potassium foods during the
assessment period.
This has been termed a response-set bias where subjects undergoing intervention or
treatment give responses, which match the intervention goals (342). This has been
found to be greater in women than in men (340). It has been shown that patients with
Type II diabetes mellitus report in line with prescription diets (392, 407)

as do

pregnant women postpartum (353). One study in obese adolescents, which used
DLW to measure EE, found almost half of the low self reported intake measures were
due to under eating in the population in question (193). The same was shown in lean
women (408, 409). This is potentially problematic for studies that rely on dietary data
for determining treatment outcomes. False negative results can be generated where
the treatment (dietary regime) is showing compliance, but there is a failure to show
results.

1.6.5. Training effect
Many have reported better validity of the test method as the study progresses. In the
Spanish arm of the EPIC study, estimates from the DH moved closer to 24R values
at subsequent administrations (29) illustrating that subjects may have become more
familiar with the assessments thus making them more aware of what they ate in the
period between first and subsequent administrations. Similar results have been found
in other studies (43, 59, 63, 79, 82, 410). In addition, administration of test and
reference method within close time proximity can result in close agreement between
the two as subjects tend to recall intakes from the first administration (69, 411).
Beaton et al call this the “intraindividual correlation” effect (19). However, in reliability
studies over long periods real dietary change can occur causing poorer agreement
between baseline values and subsequent administrations as the period of recall
increases (85). In many studies the period of recall in the second questionnaire
corresponds better with the period of reference method administration, which may
explain better validity at the second administration (87, 88). There has been at least
one study that has showed no difference in validity between repeat administrations
(87).
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The order of administration of the reference method can affect the apparent validity
of the test method (105). In a study conducted in the Netherlands, an FFQ was
compared to an interviewer-administered DH administered two months apart in a
crossover design (64). Those who completed the DH first, showed less
overestimation of values from the FFQ than those who completed the FFQ first.
Enhanced consciousness with regard to food intake may have affected recalled
intakes in the FFQ. However, another study showed that order of administration had
no effect on results (32). Studies have also shown that higher intakes are reported at
the first administration of a questionnaire than at subsequent administrations (5, 43,
68, 76, 84, 246, 355, 412-414), which may indicate a fatigue effect or perhaps real
dietary change over the period (83, 85, 415).

1.6.6. Sampling bias
Evidence supports certain characteristics which predict response or non-response to
health research. In the elderly lower response rates for surveys have been shown,
however, elderly women participate more in health surveys than elderly men (416).
Working class groups are also less likely to participate in health surveys (416). Selfadministered assessments bias sampling towards the literate and motivated , while
computer assisted self interviewing and telephone recalls are biased towards those
who either own or can operate the equipment, unless it is provided (49). FRs require
subjects that are literate and motivated (389). It has been shown that the highest
response rates in FR surveys were in women who were highly motivated (417).
Larkin et al found that those most likely to participate in food recording studies were
also more educated (123). Self selected subjects can be more nutritionally aware or
more motivated than non-responders. In the New York University Women’s Health
Study, responders to mailed FFQs tended to give more accurate responses when
compared to non-responders (418). More educated subjects can improve results (30,
63, 68, 79, 386).

1.6.7. Portion size
It has been shown that people are generally poor at estimating portion size in
quantifiable terms (60, 419, 420) and despite questionnaires being lengthier, people
prefer to have more open-ended portion responses than just small, medium or large
categories (35). Photographs were found to be better than food models for estimating
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portion size (421, 422). Others have shown that photographs are better for estimation
of portion size for some foods and not others (423). One study examined the use of
two-dimensional and three-dimensional food models for estimating nutrient and
energy intake and found them to be similar for the two approaches (424). It has also
been shown that where foods are amorphous i.e. have no defined shape, intense
practice is needed for portion size estimation (425).
In studies where portion sizes were changed from a standard portion size to three
portion options, agreement between test and reference methods improved (33, 426).
Similarly a change to standard portion sizes from absolute portion sizes has been
shown to reduce agreement in a number of studies (51, 80, 416, 427). It is important
to consider that the use of standard portion sizes will work in some better than
others. In a large longitudinal study, FRs were analysed using reported portion sizes
and then using standard portion sizes (428). It was found that the standard portion
sizes underestimated energy and nutrient intakes at the group level. However,
standard portion sizes were useful for ranking individuals according to their intakes.
Standard portion sizes work well in middle-aged women, but not so well in older
women (426) or in young and middle-aged men (81). Some have even suggested
that portion size is such a complex cognitive function, which draws on highly variable
representations in memory that it cannot be accurately estimated (105). However,
other cognitive research has shown that visualisation can be aided by models and
photographs to within acceptable limits (429). Others have shown that training using
food models improves the estimation of portion size (430) and some have shown that
this is not the case (422). Even when individuals were trained for direct observation
of diet, portion sizes were responsible for the varying measures of nutrient and
energy intake in individuals (431).
Not distinguishing between portion sizes in men and women has been shown to
reduce the performance of the FFQ (55). Open-ended methods have an advantage
in that they tend to discriminate between men and women for portion size (104).
Others have found that small eaters tend to overestimate portion size while large
eaters underestimate portion size (432). This is consistent with the ‘flat slope
syndrome’ shown by many (368, 433). Body weight has also been shown to influence
portion size estimates. Some studies have found that those with larger body weights
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have more difficulty with portion size estimates (434, 435). However, others have
shown that obese individuals have no trouble with portion size estimation (185, 436).
There are certain gains from incorporating open-ended portion responses to portion
size using food models and photographs. Error in recalled intakes, if not from
omission of foods, occurs from inaccurate portion size estimates.

1.6.8. Data coding
It has been recognised that error is introduced by food coding and analysis (7, 23,
46). Many of these concerns are outdated with improvements in clinical assays, food
databases and nutrient analysis software. However, despite advances in nutrient
calculation software, inaccurate food composition tables affect the overall estimation
of nutrients from assessment methods (437). Systematic errors in the assessment of
diet can arise from a number of different sources, which are inherent in food
composition tables: chemical analysis, sampling procedures or calculations to
convert analysed values to nutrients and imputed values (438). Studies have shown
that test-reference agreement is affected by the use of multiple food composition
databases (81, 398). This has implications for pooled data in multi-centre studies
(437). Other studies have shown that databases from the same country differ
markedly in their output (439, 440). In addition, interpretation of information by the
coder will affect results. Good agreement has been shown when the same
researcher coded both test and reference methods (441).

1.6.9. Foods
Where actual foods are concerned, there appears to be two sources of error,
especially in underreporting - omission and portion size. In a large study in 8334
individuals participating in the Continuing Survey of Food Intakes by Individuals in the
US, men and women who underreported their EI, tended to omit foods from their
reports as well as reducing portion sizes (442). Another study found that
underreporters tended to omit or reduce their portion sizes of foods that were high in
energy (443). It has also been shown that underreporters tend to omit snack type
foods during periods of recall (444). Others have found no omission of snack food in
underreporters (369). One study found foods less central to the meal like condiments
were often omitted from reports. These often include fats and oils (445).
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Studies have reported that commonly consumed foods are recalled better (70).
Foods with more stable consumption patterns (401) and lower within-person variation
(82) are also recalled well. Foods not really fitting into groups (snack type) were not
recalled well (70). In the Netherlands, snack foods were not well reported by
subjects, which then translated into carbohydrate-specific underreporting (409).
Foods consumed in small amounts were omitted from FRs (70). Better correlations
have been seen for foods consumed more often (79). (82).Amorphous foods are also
not reported well in interviews (446) as were foods that were less central to the meal
like side dishes and condiments. These often included oils, dressings, spreads and
fat (445). Several investigators have reported that recording of food intake where the
context of eating patterns is taken into account improves the accuracy of self-report
(318, 447). Ethno-cultural research in Europe has shown that eating involves both
assessment of food intake and the situation in which it is consumed (448).
Assessment of the sequence and combination of the foods within meals is very
important for improving accuracy of reports (449).

1.6.10. Dietary within-person variation
Many investigators recognise the confounding ability of within-person dietary
variation (19, 28, 43, 71, 411, 450). In 1979, Beaton et al published work on sources
of variance in multiple records of dietary intake. They found that the largest
contributors to variance were within-person and between-person variations in dietary
intake (19). Increasing the number of days of recording tends to reduce this variation
(19, 82, 115, 141, 233, 325, 334, 336, 353, 399, 451-457). It has also been shown
that using too few days for reference can reduce the relative validity of the test
method (458). A number of investigators have used mathematical models based on
the ratio of within to between-person variation to deattenuate correlation coefficients
(43) and found nutrient-specific attenuation factors to vary greatly (51). Accounting
for within-person variation has profound effects on the correlation coefficient and
improves observed risk associations (459). Studies have shown improvements in
correlations between test and reference methods after deattenuation (87).
Misclassification of individuals along nutrient distributions also occurs when survey
duration is too short (79, 120, 141, 460, 461).
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Some studies have also shown that nutrient intake and EI on weekdays differed from
weekend days in adults (4, 19, 462-465) and others have shown no differences (71,
123, 451). In an examination of one year of dietary intakes in 29 individuals it was
shown that intakes on Fridays, Saturdays and Sundays were higher than those on
Monday and Tuesday (466, 467). The phenomenon of “atypical” days in food
recording has also been shown to influence results with as many as 16% of records
including “atypical” days (361), skewing means to the right in the case of more than
usual intakes and to the left in less than usual intakes.
Most studies have shown little variation from week to week (79, 120, 468). However,
seasonal variations are often of concern. Some studies have shown intakes to be
higher in winter when intakes of fat are higher (5). In the Beltsville One Year Dietary
Intake Study in 29 individuals it was found that intakes over the winter and the
summer months were greater than those from autumn and spring (467). However,
this was explained by an overlapping of long-term patterns of EI in individual subjects
and not a true seasonal effect. Other investigators believe that the drop in energy
intake over the summer months is a common and real phenomenon (26).

In

contrast, Subar et al showed that mean nutrient intake did not differ from the colder
to the warmer months (469) and Sempos and co-workers found no seasonal patterns
in intake over two years in middle aged US women (470). Other studies have shown
the same result (121, 123, 471).

Despite conflicting reports, it is important to

consider that foods, which are generally not in season over the winter months are still
available in countries like the US and Australia. Much of the packaged and
processed food available is unlikely to change with the season as are the protein, fat
and carbohydrate sources. This may explain why studies conducted in these
countries did not show seasonal effects.
The variation in the food supply has other implications for within-subject variability.
Where nutrient intakes are affected by a limited number of foods within-person
variation is larger than between-person variation and longer periods of recording are
required to classify individuals correctly (64, 144). Foods such as fruit and
vegetables, which are dependent on season have been shown to be highly variable
between the winter and summer months (472). This will affect studies measuring
dietary intakes in places where intakes depend on the seasonality of available foods.
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Commercial changes in the food supply due to external forces, such as supply and
demand affect food choices over periods of time (472). This has implications for both
prospective and retrospective studies linking diet and disease. With respect to yearly
variation, little affect has been shown (130, 401, 413, 473, 474). Studies of withinperson variations in dietary intakes, especially EI have shown that variance ratios for
shorter time periods are comparable to those of longer periods i.e. within-person
variation is similar between days and between years (336, 456).
There are some general conclusions that can be drawn regarding measurements
made with the dietary assessment methods. Dietary intakes cannot be measured
without error; the nature of the error depends on the dietary method used; no method
is perfect but each can serve a defined purpose and since there is little prospect for
major development in dietary assessment, examining the errors associated with the
methods available can give us a better understanding of their shortcomings and
methods for correcting the error (475).

1.7. Studies examining the performance of the DH method
As was shown earlier, there are two distinct forms of DH, which have appeared in the
literature. The literature examining the performance of both open-ended and listbased DHs has been reviewed in the subsequent sections.

1.7.1. Relative validity
There are a few studies examining interviewer-administered open-ended DHs for use
in research, particularly because of the large investment made in order to obtain
data. In Table 1.1, 15 studies were found with the interview DH functioning as either
the test or the reference method for the measurement of nutrient intakes. For the
purposes of comparability correlation coefficients are presented in their crude form
without adjustment. More importantly, the context of administration of both test and
reference methods, the subject characteristics and the potential focus on various
nutrients will affect performance outcomes as the dietary methodology literature has
shown. Studies which place particular emphasis on nutrients, like dietary fat (30), will
be concerned with accuracy of measurement for that nutrient and not others.
Comparison is difficult, especially due to differences in administration, nutrients
69

presented in the final publication and differential techniques used to adjust the
correlation coefficients for EI and within-person variation. Despite these differences
observations can be made with respect to absolute nutrient intake values and their
accuracy relative to the reference. In addition, the mean % difference and the
percentile agreement for only EI and fat intake have been presented for consistency.
The values for EI and fat are usually indicative of what has occurred with other
macronutrients unless otherwise specified.
Table 1.1: Comparative studies of nutrient intake from an open ended DH interview and other dietary methods in adults
Year

Country

Morgan et al
1978 (476)

Jain et al

Correlation

Reference

Method

Canada

Structured DH

4 day FR,

24R administered

Energy=22

DH>FR

Case-control

interview with

24R

and then the DH.

(FR), 29 (24R)

DH>24R

study of diet

prompts with

Subjects to

Fat= 19 (FR),

and breast

two month

complete 4 day FR

27.5(24R)

cancer

recall

following that.

Canada

Range
0.34-0.42

% Difference

% in same

Test

1980 (413)

Subjects

16M

Interview DH

30 day

30 day record of

0.13-0.66(7)

Energy=27.6

Aged 25-

with one month

estimated

food intake by

0.27-0.63(30)

(30), 25.7 (7)

50 yrs

recall

FR kept by

partner, then DH

Fat=21.3 (30),

partners

administered using

20.3 (7)

percentile

Comments

DH>FR

food models.
Jain et al

50F

Self

Interview

Interview DH

1982

Canada

Aged 40-

administered

DH with 2

preceded by 69

(50)

59 yrs

DH

month recall

item self

0.47-0.72

Energy=-7.8

Energy=94

Interview

Fat=-20

Fat=88

DH <self DH

Energy= 5.4

Energy=63

DH>FR.

Fat=1.3

Fat=61

Energy=-6.0

Energy=54

DH<FR for

Fat=-12.0

Fat= 41

fat, SFA, LA,

administered FFQ
format with
frequency and
portion size option
Van

Netherlands

79M

Interview DH

Leeuwen et

Aged 29-

recalling a

conducted in Feb

al

69 yrs

month 4 years

1977 and then in

previous

1981 subjects

1983 (400)

7-day FR

7-day FR

0.38-82

asked to recall
what they ate in
Feb 1977
Mahalko et

USA

54 MF

Interview DH

7-day FR

DHs conducted at

0.22-0.73

al

Aged 55-

subjects homes.

1985 (39)

95 yrs

Used food models,

Oleic acid

utensils, abstract

and

shapes for portion

cholesterol

size.
Petersen et

57M,

Short interview

al

Denmark

18F

DH

4d FR

Simplified DH

0.19-0.67

1992 (45)

Aged 20-

FR

80 upper

37 yrs

.

Fat=80

compared to 4 day

Energy=4.6

Energy=87

Fat=5.7

lower and

DH>FR

lower and
93 upper
Feunekes et

Netherlands

191MF

Interview

Interview

104 item FFQ and

al

administered

DH

interview DH with

1993 (64)

qualitative FFQ

0.38-0.83

Energy =15

DH<FFQ

one month recall in
crossover design

Delcourt et

France.

31M,

Interviewer-

3-day

FR completed and

0.17-0.80M

Energy=4.7M,

DH>FR(M)

al

Cross-

27F with

administered

weighed FR

then same dietitian

0.03-0.62F

-5.1F

DH<FR(F)

1994 (333)

sectional

Type II

DH with one

administered DH

Fat=-6.8M,

study of

diabetes

week recall

12-18 months later

-5.1F

diabetes

mellitus

complication

Aged 35-

(CODIAB)

74 yrs

70

Year

Country

Subjects

Test

Reference

Method

Grootenhuis

Netherlands

Correlation
Range
0.36-0.81

% Difference

% in same
percentile

74MF

Semi-

Interview

75 item self

Energy=0.00

Energy=57

et al

Aged 50-

quantitative

DH with one

administered FFQ

Fat=5.7

Fat=65

1995 (32)

75yrs

FFQ

months

completed by mail

% Fat=6.9

% Fat=62

recall

and then DH

Comments
DH<FFQ

interview at
subjects home.
EPIC

Spain

91MF

Interview DHQ

Interview

Two DHs one year

0.30-0.85M

DH1

Energy= 55

DH<24R (F)

1997

EPIC Study

Aged 35-

with one year

12x24R

apart and 24-hr

0.36-0.86F

Energy=3.3M, -

lower and

DH>24R (M)

60yrs

recall

recalls monthly in

(DH1)

1.3F

67% upper

between. Meal-

Fat=3.3M, -5.0F

Fat=56%

based DHQ.

DH2

upper and

Questions were

Energy=1.3M,

89% lower

open-ended.

1.3F

Portion size

Fat=-1.6M, -

(29)

0.4F

photographs used
Tapsell et al

Australia

18M,

Narrative

3 day

DHs and FRs

1999

Dietary

23F

interview DH

weighed FR

administered four

(30)

intervention

Aged 41-

with one month

times over the

manipulating

67yrs

recall

course of an

148MF

Interview

24R and 3

Administered 24 hr

0.34-0.80(FR)

Energy=-6.0

Energy=42(

DH<FR

al

89M’ 59F

Computer

day weighed

recall and 3-day

0.27-0.62 (R)

(FR), -1.0

FR),

DH<24R

2001(387)

Aged 19-

assisted DH

FR

weighed FR then

(recall)

41(recall)

59 yrs

with one month

DH. Conducted by

Fat=-9.0 (FR), -

Fat=32(FR),

recall

trained

2.7 (recall)

33(recall)

dietary fat
Mensink et

Germany

0.47-0.75

DH<FR

intervention trial.

interviewers,
Hoidrup et al

Denmark

175M,

DH interview

7 day

DH recalled a

Energy=2.7M,

Energy=79F

2002

MONICA

173F

with one month

weighed FR

month and had a

2.6F

, 82M

(441)

Study

Aged 30-

recall

cross check list.

Fat=2.0M, 0.9F

60 yrs

DH<FR

Food models,
photos and cups
used for portion
sizes.

Tapsell et al

Australia

2002 (38)

33F

DH interview

7-day

DH administered at

pregnant

with one month

weighed FR

baseline and 7 day

recall

0.13-0.56

Energy=3.8

DH>FR for

Fat (%)-1.0

EI and

FR in the week

protein

following

DH<FR for
fat, CHO
and alcohol

Bakker et al

Netherlands

82MF

DH interview

Computer-

DH interview

2003 (477)

Cohort from

Aged 32-

with one month

assisted DH

administered at

Amsterdam

36

recall

0.55-0.73

Energy = - 0.2

Interview

Fat= -5.8

DH

interview

age 32 and then

=computer

Growth and

with one

again using the

DH

Health

month recall

computer-assisted

Longitudinal

DH at age 36

Study
> gives greater values than
< gives less values than

Ten out of the 15 studies have used the FR for reference as it is likely that the errors
in the FR were independent of those inherent in the DH (23). Five presented with
higher values for the DH (45, 400, 413, 441, 476) and three with lower values than
the FR (30, 39, 387). One study showed that the DH overestimated intake relative to
the FR in males and underestimated intake in females with Type II diabetes (333).
Another showed that in pregnant females it was nutrient-specific with the DH
overestimating EI and protein intake and underestimating fat, CHO and alcohol
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intake (38). More evidence is needed to support a conclusion regarding systematic
over- or underestimation by the open-ended DH when compared to a FR.
The mean differences between the DH and FRs for EI and fat intake show that the
open-ended DH performs well at the group level with only two studies exhibiting
discrepancies larger than 10% for EI (64, 413) and two studies for fat (39, 413). In
these studies the DH and FR cannot be considered interchangeable for measuring EI
and fat intakes. The measurement of EI may be extrapolated to other macronutrients
as well. In two of the earliest studies, which examined the Burke research DH and
compared it to FRs (not shown in table), the results showed that the DH and the FR
were not interchangeable as methods and that the DH overestimated intake relative
to the FR (12, 478).
Four studies used other reference methods. The EPIC group in Spain used monthly
24Rs for one year to assess the variation in diet and the DH’s ability to measure
usual intake over a one year period and found the DH underestimated nutrient and
energy intake in females and overestimated in males (29). This is similar to the
findings of Delcourt et al who showed this with the FR as a reference (333). Another
study used the DH as the reference method to assess the validity of a self
administered FFQ (32). The FFQ presented with higher values than the DH. The
correlation coefficients were good (0.36-0.81) and the difference between the means
was low, but these results would have to be treated with caution. Essentially the
errors from the self-administered FFQ and the DH are likely to be correlated, which
will then overestimate the validity of the FFQ. This is an important concern when
examining relative risk of disease using a tool with overestimated validity. Feunekes
et al used the interview DH as a reference method for testing the validity of an
interviewer-administered FFQ (64). This scenario could potentially be far worse than
the previous one as both methods, which are essentially designed to measure the
same thing are then administered in the same manner. Errors are likely to be
correlated potentially overestimating the validity of the FFQ. The final study
compared a self administered list-based DH to an open-ended DH interview and
found the self-administered tool gave higher values than the interview. This is
supported by the aforementioned study showing higher values from a selfadministrated FFQ (32) but not by other literature (50, 416, 479).
72

One study examined the open-ended interview DH and a computer-assisted
interview DH in 82 individuals (477). They showed that the values reported in the
open-ended interview were similar to those from the computer-assisted DH despite
the fact that they were administered 4 years apart. In this study they also found that
differences between interviewers were not seen with the computer-assisted method.
There are potential problems in a study of this type where relationships can be
overestimated due to positive covariance in errors from both methods, which were
essentially very similar in their administration context. In addition, the period of four
years between administrations, although they showed little difference between them,
could potentially have been enough time for real dietary change to occur.
The range of correlation coefficients between the open-ended DH and comparative
methods differs and some studies show large ranges (333, 413) and others small
ranges (32, 477). In one case, the range was small, but still presented with poor
coefficients (476). Essentially most of the studies included a range of ages from
younger adults through to older adults. Only two examined older to elderly subjects
(32, 39) and correlation in these groups were comparable to others in younger
sample groups. One study examined the open-ended short DH in 75 younger adults
of between 20 and 37 years (45). It was found that correlations in this group were not
good (r=0.16-0.67), while the correlations in samples of older subjects were between
0.22 and 0.73 (39) and 0.36 to 0.81 (32). The older age groups did show good
agreement between measures. In fact the percentage difference between paired data
was comparable to studies in younger to middle-aged adults. Correlations in
pregnant females were poor and data from this study showed that agreement using
other statistical validation methods was poor for this group (38).
Sample sizes ranged from 16 subjects (413) through to 358 subjects in the validation
of the MONICA project DH in Denmark (441). There were no improvements in
correlations with increases in sample size. Most studies examined the DH in the
context of large population assessments. Only one study examined the DH in an
experimental intervention study (30) and another in a small cross-sectional
methodology study (38).
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As mentioned previously there are two forms of DH that have been discussed in the
literature. Table 1.2 shows relative validation studies examining list-based DHs,
which are modelled on the FFQ format. Most are interview administered, but the 98
item Block DH (33), the 66 item “DHQ” used in the French cohort of the EPIC study
and the 49 item DH used in Sweden (232) are all self administered. Literature
examining methodology in the EPIC study have called the French method an FFQ
(148) as have subsequent publications using the Block method (95).
Out of the 14 studies found, which examined list-based DHs in adults, eight have
used FRs for reference with various lengths of recording, five have used the FFQ and
two have used multiple 24R. One study examined the DH using both the FR and a
single 24R (331). Two studies (31, 95), which used the FFQ as a reference method,
presented with moderate correlation coefficients. If the errors from the two methods
were correlated these moderate correlations may have been overestimated and then
the alleged ability of the DH to rank individuals similarly to the FFQ is overestimated.
Results for these studies should be treated with caution. In general, list-based DHs
gave greater values than FRs and the 24Rs, but not FFQs. In one case the DH did
yield greater results than an FFQ (480), however, the data for the FFQ was obtained
from applying standard portion sizes to data collected in the list-based DH. It did not
involve separate administration of an FFQ and the evidence supports the
underestimation of portion size and nutrient estimates when standardised portion
sizes are used (428). When compared to a quantitative FFQ, the DH presented with
lower values (42), but higher values when compared to semiquantitative FFQs (31,
95). In general, the list-based DH was shown to overestimate intakes relative to the
FR and the 24R.
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Table 1.2: Comparative studies of nutrient intake from list-based DHs and other dietary assessment methods in adults
Year
Wu et al

Country
USA

1986 (480)

Subjects

%

% in same

Range

Difference

percentile

Reference

44M, 17F

Interview-

Typical day,

71 item DH

Energy=26

DH>FFQ

45-75 yrs

administered

Semiquantit

administered after

(FFQ), 12

DH>typical

DH with one

ative FFQ

the typical day

(typical day)

day method

method.

Fat=14

Recalculated using

(FFQ), 23

standard portion

(typical day)

year recall

Method

Correlation

DH

Comments

sizes for FFQ.
Borelli et al

Italy

1989 (331)

230MF elderly

Interview –

3-day FR,

24R administered

0.02-0.88

Fat=60 (FR),

DH>FR

Aged 65-95 yrs

administered

24R

followed by DH

(FR)

58 (24R)

DH>24R

questionnaire. 3-

0.25-0.88

DHQ

day FR was
administered
following DHQ
Block et el

USA

260F

Self

1990 (33)

in Women’s

Aged 45-70 yrs

3X4day FR

94 item list-based

0.47-0.67

administered

FFQ format with

usual diet

Health Trial,

DHQ with one

small, medium and

0.37-0.66

low fat

year recall

large portion sizes.

low fat

dietary

FR every six

group

intervention

months for one
year

Jackson et

UK

80 MF

Interview DH

FFQ/DHQ

Fat=26 in

DH<FFQ for

al

Case control

Aged 59-74 yrs

with one year

62 item FFQ/DHQ.

Interview DH and a

Fat=0.2F

one group

fat

1990 (416)

study of diet

recall

Administered in a

and 16 in

DH>FFQ for

and bowel

crossover design.

the other

fibre and

cancer

Photographs used

calcium

for portion sizes
Hankin et al

Hawaii

1991 (381)

262 MF, 128M,

Interview DHQ

28 days of

47 item FFQ

134F

with one year

FR spanning

format. Colour

Aged 45-75 yrs

recall

1 year

photographs of 3

cholesterol

portion sizes. 4x7-

and

day FR over the

carotene

0.50-0.66

Fat=14.7M,

DH>FR for

29.5F

fat, protein,

year and then DHQ
administered by
interviewer.
Block et al

USA

1992 (81)

85MF Black

Self

16 day FR

98 item FFQ format

and white

administered

with standard

45-70 yrs

DHQ (Health

portion sizes and

Habits and

one year recall.

History

Administered 3

Questionnaire

months after FRs

0.42-0.68

Energy=-2.1

DHQ<FR

Fat=-2.2

(HHHQ)
Mares-

USA

Perlman et

Beaver Dam

al

Eye Study

211MF

Interview

4x2d FR

HHHQ

99 item FFQ format

0.60-0.80

with standard
portions and a 41

1993

item open ended

(349)

food list
administered by
interviewer

Lindroos et

Sweden

45MF obese

Self

4 day

49 item FFQ format

al, 1993

and 19MF non-

administered

estimated

with portion sizes

(232)

obese

DHQ

FR

for hot foods.

0.33-0.70

Obese

DH>FR

Energy=35

Aged
Non-obese
Energy=2
Liu et al
1994 (385)

USA

30 M and 33 F,

Interview

white
Aged 18-30 yrs

7x24R

Interview 99 item

0.57-0.89M

CARDIA DHQ

FFQ type format.

0.50-0.72F

with one month

One month recall.

recall

Had a dietary
practices
questionnaire
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Year
Slattery et al

Country
USA

1994 (31)

Subjects

DH

Reference
Block FFQ

Method

Correlation

%

% in same

Range

Difference

percentile

1076 white M

Interview

99 item FFQ format

0.31-

Energy=15.8

(WM) and 883

CARDIA DHQ

administered with

0.45BM

BM,

black M (BM),

with one month

one month recall.

0.41-

17.1WM,

1208 white F

recall

Block FFQ

0.52WM

12.2BW,

(WF), 1193

administered with

0.29-0.39BF

12.8WW

black F (BF)

one year recall one

0.35-

Fat=9.8BM,

Aged 18-30 yrs

year later.

0.45WF

13.6WM,

Comments
DH>FFQ

10.3BW,
6.0WW
SENECA

Netherlands

1996 (28)

SENECA

Interview

3 day

DH based on a

0.58-0.84M

% Fat=0.8M,

STUDY

Modified DH

estimated

food checklist with

0.51-0.85F

1.5F

Elderly 387M ,

with one month

FR

standard portion

420F

recall

DH>FR

sizes, like a FFQ.

Aged 70-75 yrs

Both administered
at patients home.

Jain et al

Canada

1996 (42)

Van Liere et

France

95 M, 108 F

Interview DHQ,

Quantitative

Interview DHQ

0.21-0.64M,

Energy=12.1

Energy=39

DH>FR

Aged 35-79 yrs

essentially

FFQ, 7-day

consisting of 200

0.16-0.61F

(FR), -20.0(

(FR), 33

DH<FFQ

open-ended

FR

items, 132 item

(FR)

FFQ)

(FFQ)

with one year

FFQ and then 7day

Fat=3.2

Fat=44 (FR),

recall

FR where amounts

0.17-0.70M,

(FR), -14.0

45 (FFQ)

were measured

0.29-0.71F

(FFQ)

using volume.

(FFQ)

66 item FFQ format

0.29-78

EPIC STUDY

Self

12X24R

al

119F

administered

with portion size

1997 (481)

Aged 36-65 yrs

DHQ

photographs

Energy=51,

DH>24R

Fat=50

administered twice
over one year.
Caan et al

USA

233M and 161F

Interview

Block (B)

Two groups each

0.32-0.89

Energy=2.6

Energy=34

1998 (95)

Diet Activity

Aged 18-30 yrs

administered

and Willett

had to complete

(Block)

M, 14.2F

(Block), 41

and

computer DH

(W) FFQs

one of the

0.52-0.92

Fat=-0.8M,

(Willett)

Reproductiv

with one month

questionnaires 5

(Willett)

9.3F

Fat=58

e Risks for

recall

days after the

(Block), 53

Colon

DARCC DH. 105

(Willett)

Cancer

item Block and 153

Study

item Willett FFQ.

DH>FFQ

(DARCC)
> gives greater values than
< gives less values than

Sample sizes ranged from 61 (480) and 63 (385) to 4360 (31) subjects, the latter two
both examining the CARDIA DH in the USA. Liu et al examined the agreement
between the CARDIA DH and seven 24Rs in white males and females (385). Slattery
et al examined the CARDIA DH against the Block DHQ, which they call the “Block
FFQ” in both white and African American individuals (31). The correlations for
Caucasians in the former study were 0.50-0.89 and in the latter study were 0.350.52. The DH performed better when compared to the 24Rs than when compared to
the FFQ. The use of the Block FFQ as the reference method may have
overestimated the agreement between measures, thus increasing the disparity
between the two validation studies. Better agreement between a DH and a 24R
rather than a FR has been shown in the past (331). In general, the sample sizes in
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these studies where list-based DHs were used were large, indicating their ease of
administration in larger studies.
Studies ranged from those exclusively in the elderly (28, 331) to studies in young
women aged 18-30 yrs (31, 95, 385). The studies in the elderly both examine the listbased DH using 3-day FRs for reference and showed that the list-based DH
overestimated intake relative to the FR. This may, in part, be due to errors occurring
with the FR where recording may have been a difficult and labour-intensive task
leaving the information open to certain compliance biases and under eating in these
elderly groups. Measures of UN would certainly have been helpful in these instances.
Food lists ranged from 47 items (381) to 200 items (42) in the list-based DHs. The
latter study showed poor to fairly good correlations of 0.17-0.71 with both a FR and
FFQ, However, the shorter list showed correlations of between 0.50-0.66. In general
the shorter lists had smaller ranges of correlations than the longer lists. Better
correlations were also seen with DHs that were compared to longer periods of
recording or recall. Studies that used list-based DHs that recalled one month (28, 31,
95, 336) also showed better agreement with reference methods than those that
recalled one year of dietary intake (33, 42, 381). There was no marked difference in
agreement between self-administered and interviewer-administered list-based DHs
and their respective reference methods.
The mean differences between the DH and the reference method for EI and fat were
comparable for list-based DHs (Table 1.2) and open-ended DHs (Table 1.1), which
means they performed equally well at the group level. However, list-based DHs
presented with better correlation coefficients than the open-ended DHs. This may be
associated with the methods used for comparison. Many list-based DHs have been
compared to FFQs, and the two methods may have correlated errors, which will
improve the correlation coefficients. In addition, list-based DHs have been compared
to longer periods of recording than interview administered DHs i.e. 8 days (349), 12
days (33), 16 days (81) and 28 days (381) for the list-based DHs compared to 3 days
(446), 4 days (45) and 7 days (39, 42, 400, 441) for the interview DHs. Comparison
with longer periods of recording will improve correlation coefficients (458).
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There were only four studies of list-based DHs that examined agreement using
percentiles. List-based DHs showed poor percentile agreement with reference
methods. Thirty three to fifty one percent of individuals ranked in the same percentile
for EI and 16-58% for fat compared to 41-94% for EI and 32-88% for fat with the
open-ended DHs.
There have been food-based validations as well (117, 410). The EPIC group in Spain
showed that the DH overestimated intake of vegetables, cereals, butter, margarine
and oils and underestimated the intake of sugar, sweets and desserts (482) which
follows on from evidence on respondent biases. One study showed that a mealbased DH was more comparable to a 14 day FR than a DH that listed foods in
groups (483). The scope of this review limits investigation into food-based
validations.
To outline the relative performance of the FFQ, another measure of usual intake,
though not as rigorous, can add to our understanding of the performance of recall
versus recording methods. In general FFQs tend to overestimate dietary intake
when compared with both FRs (59, 68, 78-82, 86, 89, 94, 388, 418, 484) and 24recalls (71, 73, 91, 94, 147) . In some cases they have underestimated intakes when
compared to both FRs (43, 87, 355, 386, 485) and 24 hour recalls (75, 88), but not
often. Generally FFQs are not compared to DHs in validations studies because the
errors are not entirely independent, which may falsely improve agreement measures.
As was shown above, there area few studies that have done this and have generally
yielded good correlations.

1.7.2. Criterion validity
1.7.2.1. Energy intake
Very few studies have examined the DH method using measures of EE for
comparison. In fact, five studies were found, which used DLW and/or indirect
calorimetry i.e. ventilated hoods. Although these methods are not used in this thesis,
studies examining the measurement of EI in the DH can tell us about reporting
practices in representative groups.
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Table 1.3: Summary of studies showing external validation of the DH in adults using DLW and indirect calorimetry in adults
Study

Subjects

Reference

EI (MJ)

EE (MJ)

Bias (%)

Comment

Lindroos et al 1993

19 Non-obese, 45

Ventilated hoods

9.5 (non-obese)

9.1 (non-obese)

5% (non-obese)

EI>EE

(232)

Obese

11.4 (obese)

10.9 (obese)

4% (obese)

Kortzinger et al

50MF young adults

Ventilated hoods

10.02

11.11

-10

EI<EE

Rothenberg et al

20MF elderly , 12

DLW, ventilated

8.62

9.90 (DLW)

-13 (DLW)

EI<EE

1998 (221)

used DLW

hoods

9.4o (hoods)

-8 (hoods)

Lindroos et al

20M, 9F

WRC

10.2

10.3

-10

EI=EE

1999 (207)

overweight

Black et al

48F middle-aged

DLW, Ventilated

8.20

9.42

-4.6

EI=EE

2000 (34)

16 in DLW study

hoods

1997 (189)

.

> gives values greater than EE
< gives values less than EE

Table 1.3 shows that the DH method underestimated EI in young, middle-aged and
elderly people, but the degree of discrepancy between means was low. In keeping
with the literature, it was not surprising that the largest discrepancy was seen in the
elderly. However, relative agreement for the elderly was not worse than for younger
adults as was shown previously, which may indicate that both test and reference
methods were associated with measurement error in studies of the elderly. One
study was found, which used calculated EE for comparison with DH EI (45). Peterson
et al showed that EI from the DH was overestimated when compared to that
calculated using weight, height and activity level (212) to estimate EE (45). In
general, the evidence shows that the DH tends towards underestimation of EI when
EE is measured using indirect calorimetry. Interestingly in the overweight individuals
EI and EE were similar when EE was measured in a whole room calorimeter (207).
This contradicts the abundant literature supporting underreporting in overweight
individuals. Work from the same group showed that reports of EI with a DH were not
significantly worse in obese adults compared to non-obese adults (232) and that both
overestimated EI to a small degree with the DH. However, true EE cannot be
mirrored by the WRC due to lack of activity in the chamber, which may have resulted
in lower EE recorded in these obese individuals. Unfortunately, no other comparative
literature in non-obese individuals was found that measured EE in a WRC.

Seven studies were found that examined the EI:BMR ratio when EI was measured by
a DH (Table 1.4). Five studies used open-ended interview DHs, one was a large
population study (217), three were experimental studies (30, 34, 221) and one was a
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cross-sectional analysis of pregnant women (38). The large population study by
Rothenberg et al in 809 elderly Swedes used a cut-off of 1.52 for lower limit of
EI:BMR for the DH based on a PAL of 1.55, which is considered to be suited to a
sedentary population (217). In their publication, they state that the population were
active, elderly Swedes. In this instance, the PAL was most likely too low, which then
translated to a cut-off that was too low. This study showed that 22% of males and
28% of females underreported using the individual cut-off for the DH method. In
reality there may have been a higher incidence of underreporting with the DH in this
group. In addition, this study showed that EI:BMR calculated using different
derivations of BMR yielded different results. The Schofield equation showed an
EI:BMR of 1.50 for males, while the equation based on the FAO/WHO/UNU report
showed an EI:BMR of 1.60 indicating underreporting of the group with Schofield and
no underestimation with the other equation.
Table 1.4. Summary of studies showing external validation of DH in adults using EI:BMR in adults
Study

Subjects

Dietary method

PAL

Cut-off

Non-obese

8M, 11F
Non-obese
Lindroos et al,1993 (232)

22M, 23F
Obese

Group EI:BMR

1.48 (DH)
DH,

1.10 (FR)

4d weighed FR

Obese
1.49 (DH)
1.46 (FR)

Kortzinger et al, 1997 (189)

50MF

DH

1.56 (DH)

Aged 26-38 yrs

7 day weighed FR

1.46 (FR)
M:1.50 Schofield †

Rothenberg et al , 1997 (217)

809MF elderly

Open-ended DH

1.55

1.52

M:1.60 FAO ††
F:1.48 Schofield
F:1.49 FAO

Rothenberg et al, 1998 (221)

9F, 3M
Aged 70 yrs

Open-ended DH

1.73

Open-ended DH

1.55

1.14 DH

1.65

1.57

Tapsell et al, 1999

18M, 27F

(30)

Aged 41-66yrs

Black et al, 2000

48F

Open-ended DH,

(34)

Aged 50-65 yrs

16 day FR

Tapsell et al, 2002 (38)

40 pregnant F

Open-ended DH,
7-day weighed FR

1.51

1.47 (DH) Schofield
1.60 (DH) Hoods
1.45 (FR)
1.55

1.14 DH

† BMR calculated by the Schofield equation (See 2.7.1.2.1.1)
†† BMR calculated using the FAO/WHO/UNU equation for persons aged 60 years

In a later study by the same group, they examined the open-ended DH in 12 elderly
Swedish adults and this time they used a PAL of 1.73 for moderate activity based on
DLW analysis (221). In this study, the cut off is not stated, but as a group they were
underreporting EI. In another experimental study of EE, Black et al used a cut-off of
1.57 in 48 middle-aged women based on a PAL of 1.65 for light-moderate activity
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(34). They found that mean EI:BMR for the group was 1.47 when BMR was
calculated using the Schofield equation (178) and 1.60 when BMR was measured
using ventilated hoods. In this instance, the group was underreporting when BMR
was measured with Schofield, but not when BMR was measured using indirect
calorimetry.
The third study by Tapsell et al used cut-offs from the Goldberg et al publication
(208) based on a sedentary PAL of 1.55 to identify individual underreporters. This
study showed that 20% of the group were underreporting EI, however, the degree of
underreporting may have been underestimated as study-specific PALS were not
used. Furthermore, the sample group were middle-aged, working adults and it is
unlikely that they were following a sedentary lifestyle. This was acknowledged in the
discussion of this paper. This was also true of another study conducted in 1999 by
Tapsell et al who showed there to be little underreporting in pregnant women when a
cut-off of 1.14 was assigned to the DH for a PAL of 1.55 (38). From the cross
sectional nature of the study within-person variation in EI could not be calculated,
however, it was acknowledged that study specific PALs, should probably have been
used in these women to ensure the specificity of the cut-off (486).
Of importance is the timeline of these studies, all of which were either conducted or
published before Black et al’s research on improving the specificity and sensitivity of
the cut-offs (210, 211, 214, 215). Recommended values for within-person variation
and repeat measures of EI may not have been available to the researchers or
collected during the course of the studies as their importance was not known at the
time. Nevertheless, a comprehensive publication from 1996 examining DLW
measurements in over 500 individuals showed that in Western populations PALs of
1.55 were too low and should be revised in studies using EI:BMR cut-offs (487).

1.7.2.2. Protein intake
Ten studies were found that examined the validity of the DH method using UN
excretion (Table 1.5). In one study, the calculation of PE did not take into account the
2g of non urine N loss in the dermis and the faeces and in this study PE:PI is the
same as UN:NI (488). Technically, this is incorrect as it has been shown that there is
N lost through the dermis and the faeces, which should be accounted for when
81

calculating equivalent protein excretion by the body (229). Some studies have
presented only UN and NI (247, 327) and from this PE was calculated using the
equation put forward by Isaksson in 1980 (229) accounting for this N loss. Others
have presented only PI and PE (34, 207, 232, 489) and, therefore, UN:NI was
calculated by reversing the derivation equation for PE.
Correlation coefficients were presented in five out of the ten studies and ranged from
0.26 in 45 obese adults (232) to 0.83 in 48 healthy middle aged females (34). Four
studies showed underreporting of NI with the DH when compared to UN (207, 248,
488). Other studies tended towards overestimation of NI (45, 232, 489). These
studies did not examine the 95%CI for UN:NI. Another study that presented with a
UN:NI of 0.89 (34), showed that this value lay within the 95%CI of the ratio of UN:NI
and, therefore, the group could not be considered to be underreporting NI with the
DH.
When PI was compared to PE, four studies showed the DH to be underreporting PI
(207, 247, 248, 488), while three showed overestimation of PI (45, 232, 489). In the
study by Lindroos et al (232), PI reports were examined in both obese and nonobese individuals. It was shown that the non-obese individuals tended to report their
PI quite accurately, while the obese individuals overestimated PI. This was confirmed
later in a study by Tapsell et al, who showed that underreporters of EI, who were
those with larger BMIs, reported higher PIs (30).
The number of urine collections for comparison with the DH varies from one 24-hour
collection to twelve collections taken over a one year period. It has been shown that
variation in 24-hour N excretion is highly variable from day to day and that greater
than two collections should be used (168). One study, which used one urine
collection, showed overestimation of reported NI (489). This may have been due to
marker error rather than DH error, where the marker, due to the large variation in N
excretion in individuals, failed to capture a value representative of habitual N
excretion. This may have been true too of the study by Petersen et al (45) and may
explain the underestimation of PI in studies by Lindroos et al (207, 232) and Van
Berestyn et al (488). There is no clear direction of bias in protein intakes reports from
the DH method.
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Table 1.5: Summary of studies using urine nitrogen to validate the DH method
Year

Study

Subjects

context

Isakkson, 1980

Sweden

(229) †

Van Staveren et

Netherlands

F(n=755 and 1361)

UN:NI

PE:PI

urine

Number of

>0.81=

>1.00 =

collections

underreporting

underreporting

PE (g/day)

Correlation

F:

F:

F:

Elderly (n=349)

38yrs=73

75 (38yrs)

38yrs=1.03

Pregnant F (n=266)

46yrs=74

75 (46yrs)

46yrs=1.01

60yrs=68

75, (60 yrs)

60yrs=1.10

Elderly

Elderly

Elderly

F:63

F: 66

F:1.05

M:74

M: 76

F:74

F:76

F:0.86

F:1.03

47MF young

Two UN

PI (g/day)

Two UN

M:1.03

al

adults, 44 did urine

M:91

M:90

M:0.85

M:0.99

1985 ‡

component

All: 83

All:83

All:0.85

All1.00

M:92

M:99

M: 0.48

M: 1.09

M: 1.09

F:71

F:81

F: 0.59

F: 1.14

F: 1.14

Van Beresteyn

Netherlands

et al, 1987

264 F

One UN

64 controls

(488)
Hulten et al,

Sweden

T(0)=154

0: 73.17

0: 75.00

0: 0.85

0: 1.02

1990 (489) †

Measureme

T(5)=205

One UN

5: 77.18

5: 73.00

5: 0.78

5: 0.94

nts at 5 year

T(10)=331

10: 90.00

10: 75.00

10: 0.69

10: 0.83

121

113

0.75 (DH)

0.93 (DH)

intervals
Petersen et al,

Denmark

1992 (45)
Lindroos et al,

One UN

9F
Sweden

1993 (232) †

EPIC

Spain

1997 (247) ‡

EPIC Study

Lindroos et al

24M

Sweden

1999 (207) †

45MF obese and

All: 104.4

All: 93.8

All: 0.33

All: 0.77

All: 0.89

19MF non-obese

Obese: 110.6

Obese: 95.0

Obese: 0.26

Obese: 0.75

Obese: 0.86

adults

Non-obese:

Non-obese:

Non-obese:

Non-obese:

Non-obese:

89.6

91.9

0.56

0.89

1.03

All: 76.4

All: 93.5

0.58

All: 1.04

All: 1.22

M:86.3

M: 104.5

M: 1.03

M: 1.21

F:67.7

F:83.7

F: 1.03

F: 1.24

One UN

98.1

110

0.60

0.99

1.12

Two UN

71.4

74.4

0.83

0.89

1.02

Two UN

64 MF, 35-60yrs

20M

One UN

Twelve UN

9F overweight

Black et al

United

48 healthy middle-

2000 (34) †

Kingdom

aged women

Heitmann et al

Denmark

2000 (248)

1987: 82.3M,

1987: 95.3M,

1987: 1.01M,

1987: 1.16M,

1987

101M, 127F in

63.8F

75.8F

0.99F

1.19F

36M, 57F in 1993

1993: 86.0M,

1993: 90.6M,

1993: 0.90M,

1993: 1.05M,

66.7F

69.0F

0.84F

1.04F

† Studies calculating PE and PI. UN:NI calculated according to equation for derivation of PE if not given
‡ Studies not calculating PE. PI calculated by adding 2g and then multiplying mean by 6.25

1.7.2.3. Fat intake
There has been at least one study that has examined the DH method using plasma
phospholipids as markers of dietary fat intake. This study in a group of Dutch men
showed correlations between dietary and phospholipid levels of 0.49 for 18:2, 0.35
for 20:5n-3 and 0.41 for 22:6n-3 (490). Another study in the Gipuzkoa cohort of the
EPIC study used a DH to measure habitual fish intake and compared the n-3 fatty
acids to n-3 fatty acids in the LDL subfractions of the cholesterol ester and serum
phospholipids. They showed that both 20:5n-3 and 22:6n-3 intake correlated well
with their respective fatty acids in both lipid subfractions (r=0.55 and 0.50 for 20:5n-3
and 22:6n-3 respectively in the cholesterol ester and r=0.38 and 0.52 for 20:5n-3 and
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22:6n-3 respectively in the serum phospholipids). No studies were found comparing
habitual intake of fatty acids from the DH method and EPFa.

1.7.3. Reproducibility
Seventeen studies were found examining reproducibility of nutrient intake with the
DH method in adults (Table 1.6). Of those, nine examined open-ended interviews
and eight examined list-based questionnaires. For open-ended interviews, the
periods between repeat administrations ranged from two weeks (38) to five years
(488). Correlations ranged from 0.12 to 0.91 with poor correlations shown for only
two studies (29, 413). The study conducted in pregnant women showed a narrow
range, which was on the low side (38). In general, reproducibility was poor in this
group. However, the sample of 17 individuals may have contributed to this poor result
as they may not have been entirely representative of pregnant females in that region
of Australia.
The consensus from these nineteen studies is that the reproducibility of the openended DH interview was good to excellent - in some cases, with correlations of up to
0.98 shown for some nutrients (491). One study examined the use of different
interviewers and different coders at repeat administrations (491) It was shown that
reproducibility was good even when different interviewers were used. In addition,
reproducibility was excellent when the same interviewer was used, but the coder was
different at the next administration. There also appeared to be no changes in
agreement with differing periods between retest i.e. correlations were no better or
worse when the period between administrations increased.
Correlations between repeat administrations of list-based DHs ranged from 0.12 to
0.90, which is a very similar range to the open-ended DHs. The list based DHs were
examined with periods of three months (5) to ten years (36) between repeat
administrations. In one study, the correlations between an interview list-based DH
administered 4-8 months prior to retest and an interview DH administered 4-7 years
prior to retest were similar (r=0.16-0.75 and r=0.12-0.60, respectively) (329). Another
study showed that interview list-based DHs were reproducible over 7 and 10 years
(36), while another showed that current diet influenced reports of intake in the past
(404). For studies with three months between retest of list-based DHs, the correlation
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ranges were similar (5, 349). Interestingly these studies were conducted using the
same list-based DH, but one was self-administered and the other intervieweradministered. There was no difference in their reproducibility.
Table 1.6 : Summary of studies showing the reproducibility of both open-ended DHs and list-based DHs in adults
Study

Context

Subjects

Method

Period between

Correlation range

Conclusions

administrations
Open-ended DHs
Jain et al 1980

Canada

(413)

Case control study

52MF

Interview DH

6 months

0.12-0.80

47MF adults, 44

Interview DH

One month

0.67-0.91

Once a year for five

0.60-0.80

of bowel cancer
Van Staveren et al

Netherlands

1985 (327)

.

did urine
component

Van Berestyn et al

USA

1987 (488)

264F pre to

Interview DH

postmenopausal

years

women
64 controls
Bloemberg et al

Sweden

1989 (492)

Zutphen study

260M middle aged

Burke DH

3 months and then

DHS repeated after 3

one year

months gave slightly
different mean intakes
than that 1 year apart.

Smith et al

USA

1996 (491)

575MF Pima

Interview DH

0.63-75 (same

Indians between

(QFFQ)

interviewer)

18-74yrs

0.68-0.76 (different
interviewer)
0.97-0.98 (same
interview, different coder)

Elmstahl et al

Sweden

1996 (493)

Malmo study

EPIC Group

Spain

1997 (29)

EPIC cohort

Tapsell et al

Australia

1999 (30)

Intervention trial

Tapsell et al

Australia

241MF

DH

One year

M: 0.7-0.8
F:0.6-0.8

91MF

Interview DHQ

One year

M: 0.41-0.83

.

F: 0.14-0.86
43MF

Interview DH

6 weeks

0.36-0.79

17F pregnant

Interview DH

2 weeks

0.30-0.73

2002 (38)

Reproducibility was
not good in this group

List-based DHs
Byers et al

USA

1987 (36)

USA

Interview DHQ

5 -10years

Past diet correlated

323MF

better with DH from
the past than reports
of current diet.

Wu et al

USA

873MF

Interview DH

11 years

Current diet correlated

1988 (404)

better with
retrospective recall
than past diet

Jain 1989 (40)

Canada

CANADA

Diet and colorectal

94 controls

Interview DHQ

7 years

0.39-76

Interview DHQ

3 months

0.5-0.9

4-8 months and 4-7

Short term

Better reproducibility

years

0.16-0.75

over the short term

cancer study
Mares-Perlman et

USA

al, 1993 (349)

Beaver Dam Eye

211MF

HHHQ

Study
Jarvinen et al,
1993 (329)

Finland

1844 men and
women for long

Interview DH

term and 93 for

Long term:

short term

0.12-0.60
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Study

Context

Subjects

Method

Period between

Correlation range

Conclusions

administrations
List-based DHs
Bittoni and

USA

USA

Self

Wilkens, 1994 (83)

Breast cancer case

48F with breast

administered

control study

cancer and

HHHQ

One year

Breast cancer 0.22-0.80
Risk 0.40-0.85

50Fwith familial
risk
Hartman et al,

USA

1996 (5)

USA

Self-

3 months over three

0.59-0.85Winter-Spring,

68 white women

administered

seasons

0.56-0.82Spring-Summer

DHQ (HHHQ)
Van Liere et al

France

1997 (481)

EPIC study

119F

Self

0.54-0.82Summer-Winter
One year

0.54-0.75

administered
DHQ

An interesting finding from the studies above is the continental-specific use of dietary
methods. In this case, the open-ended DH interview is not used by groups
conducting research in North America, particularly the USA. This may be due to the
prevalence of use of the FFQ, especially the Willett FFQ, in US studies and the
evidence for their performance in American populations. Also the sheer size of the
studies conducted in the US may mean that this form of DH is not feasible. The listbased DHs are used in the US and many have published from data obtained from
large studies like the CARDIA study (31, 385) and the Women’s Health Trial (33),
although the latter is referred to as an FFQ in later studies. The Canadians have
used the open-ended DH interview in the past to examine diet in case-control studies
(413, 476), however, as of late, have moved to list-based versions (42). Interestingly,
the Europeans have used the open-ended interview DH on numerous occasions in
smaller sample groups, but these studies have usually been used to inform larger
cohort studies. The EPIC group in Spain decided on the use of the DH for their data
collection due to their experience of non-compliance to FRs in the Spanish people
(146). The Germans have examined the use of a computerised version of the
interview (387) as have the Dutch (477). The list-based DH has been widely used in
Europe. It was used in the large SENECA study in the elderly (28) and in the elderly
in Italy (331). The French cohort of the EPIC study used a list-based, but selfadministered DH (481). A DH was also used in Sweden (117, 493) and in Denmark
(220).
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1.8. Dietary assessment methods in intervention research
The success of dietary intervention trials, which examine the feasibility and effects of
dietary change, will depend on the maintenance of sufficient differences in intakes
between control and intervention groups (494). In randomised controlled clinical
trials, the primary aim of the dietary assessment method is to measure the delivery
and the effect of that intervention (384) or, perhaps, the stability of dietary intakes
over the course of supplementation, although no literature was found for the latter.
There are many concerns over such an approach given that it has been shown that
diets may change in response to measurement or intervention including in the control
groups. In many instances, study design may require changes to the control diet to
achieve blinding (494). In intervention trials and/or experimental studies, which are
smaller than population studies, dietary assessment methods require high sensitivity
and high specificity to rank individuals according to their level of intake or to
quantitatively measure absolute intake.

1.8.1. Performance in intervention trials
There are few published validations of studies that have used dietary assessment for
measuring dietary intervention apart from a few large low fat and hypertension
interventions in the US. The literature shows that in many interventions, FRs, which
were assumed to be valid, were used preferentially (125, 406); despite evidence
showing that they underestimate intake. In the 1960s, the modified Burke DH was
used in many cohort studies to examine the diets of various groups (25-27), but not
in experimental studies. Experimental studies that explicitly examine dietary
assessment methods have been found i.e. EE studies using DLW and calorimetry,
but these do not translate to the intervention context. In addition, the maintenance of
the separation between control and intervention groups in experimental interventions
is very difficult, because we cannot prevent control groups from eating. Dietary
intakes have to be highly controlled in order that internal validity of the dietary
component is maintained. Blinding in dietary interventions can be impossible, which
makes the group participating in the research susceptible to certain biases (342).
Dietary assessment is important for valid results (494) and, in saying that, has to be
accurate and precise. Research in dietary assessment in this context is important.
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Larger dietary fat interventions in the US have published their validations using FFQs
and FRs (86, 320). One validation study using a group of 397 women participating in
a dietary intervention aimed at reducing recurrence of breast cancer showed that the
FFQ and the 24R were able to measure changes in nutrients associated with
intervention (495). A large intervention study in the US, the Polyp Prevention Trial,
was a multi-centre randomised controlled trial to examine the effects of low fat, high
fibre, high fruit and vegetable intake on the recurrence of large bowel adenomas
(496).

A FFQ was used to assess habitual diet before the trial and 4-day FRs

throughout the trial. Later studies showed that the FFQ and the FR both
underestimated EI in this group of men and women (497). In addition, a validation
study published in the same year showed that reproducibility of the FFQ was not
good (mean correlation of 0.48) and comparisons with the FR were slightly better, but
not by much (r= 0.22-0.65).
There have been several publications examining the validity of the dietary measures
from the Women’s Health Trial: Feasibility in Minority Populations Study, a large low
fat dietary intervention in Hispanics, African American and Caucasian postmenopausal women in the US. One study found that the FR used this trial was not
sufficiently accurate to measure changes in fat intake over a six-month period (498).
Another showed that in these low literacy adults both a FFQ and a FR would require
participant training for sufficient validity to be achieved. In the Women’s Intervention
Study, another large low fat intervention in the US, multiple 24Rs were found to be
better than 4-day FRs for monitoring dietary change in the intervention (406). This
paper also highlighted what was termed ‘the drop-in effect’ where the control group
tended to adopt the intervention diet. This has been shown in other studies (393).
Another dietary intervention for the prevention of cardiovascular disease in the US
examined a “Diet Habit Survey” which was an inexpensive, quick determinant of
dietary composition, and found that it was valid for measuring the dietary fat intakes
of 442 adults in the Family Heart Study (499). In one large hypertension treatment
trial (The Hypertension Prevention Trial), which needed to measure adherence to low
salt regimes, FRs were used (125). In this instance, it was shown that patients
changed their eating practices to resemble the intervention goals during the periods
of recording. The evidence from these larger interventions shows that the FR may
not be the best method for monitoring changes in dietary intakes over the course of a
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dietary intervention. With this in mind we have to ask ourselves why we use it in
smaller trials.

1.8.2. Ability to monitor dietary change
In intervention trials it is important for a dietary assessment method to be able to
measure change in nutrient intakes. This measure of the sensitivity of the method
was described first by Guyatt et al (500) and then by Kristal et al (501) as
“responsiveness” (index of the method’s sensitivity to change). Kristal used data from
the Women’s Health Trial: Feasibility in Minority Populations Study and the Eating
Patterns Study (both large low fat dietary intervention trials) to assess the
responsiveness of a short FFQ and a FR. It was found that a 4-day FR was only
slightly more responsive than the FFQ for fat intake in both studies. In fact, a Diet
Habit Questionnaire from the Eating Patterns Study was more sensitive to change in
fat intake than both the former measures. The investigators concluded that short,
inexpensive dietary assessment tools with low respondent burden can be just as
sensitive to change as multiple FRs, which are far more labour-intensive. Osler and
Heitmann confirmed a similar finding in a short FFQ when compared to an
interviewer-administered DH in a longitudinal study (410). They found that the FFQ
was as responsive to changes in food intake over time as the DH and could also be
used to monitor changes in food patterns over time. Brown produced similar results,
but this time in pregnant women (502). In the same year, Buzzard and co-workers
found that multiple telephone administered 24R were more responsive than multiple
FRs in the Women’s Intervention Study in the US (406). Furthermore, they concluded
that record-keeping during the FR in other validation studies may have introduced an
‘adherence effect’, which improved the reports of change in fat intake from the
methods in question. Subjects in Buzzard’s study did not know when the 24R was
going to be administered, which may have reduced the magnitude of this type of
respondent bias. Another large intervention trial in breast cancer survivors, the
Women’s Healthy Eating and Living Study, showed that the multiple 24Rs were more
responsive to changes in test foods than an FFQ (495). Since responsiveness has
only been examined in a few validation studies, further investigation is warranted.
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1.8.3. The diet history in clinical trials
The DH method has been evaluated in numerous studies incorporating different
contexts. Most are independent validations of methods used in larger studies. Only
two studies were found examining DHs in clinical intervention trials. One examined
the responsiveness of a self-administered DH in a low fat dietary intervention in 63
Japanese men and women (503), however, it was not a validation study. The other
examined the open-ended interview administered DH in a small study of 43
individuals participating in a study, which increased MUFA in the diet to improve risk
outcomes for Type II diabetes mellitus (30). The former study found that the change
in fat intake measured with the DH was associated with the change in serum
cholesterol levels during the intervention, but did not report on the performance of the
method. The study by Tapsell et al showed that the DH was able to measure nutrient
and energy intakes relatively well during the intervention when compared to a threeday FR (30), however objective measures of dietary intake were not used to
determine the validity of the FR. No studies were found using objective measures of
intake to test the performance of the DH in this context.
There is a lack of evidence to support the use of the DH in clinical/intervention trials.
Since the DH is used in clinical practice to measure dietary change (504), information
from intervention research, which is essentially a highly controlled form of clinical
practice, can provide information on reporting practices in different groups when
under intervention conditions. Given the need for specificity and sensitivity of the
methods in smaller studies, the DH method provides the luxury of an interviewer,
which can improve results and maintain interest. In addition, the open-ended
structure may be better suited in this instance where subjects can report openly on
foods and portion sizes consumed.
Cognitive researcher, A. F. Smith concluded a review on the cognitive challenges of
dietary reporting by saying that “based on cognitive recall abilities and retrieval, the
DH interview with food name prompts is probably the optimal dietary measurement
method” (105). Early researchers using the DH in smaller sample groups have also
reported that the FR and the 24R were less reliable for measuring nutrient and
energy intakes in individuals and that when this information is required the DH should
be used (12, 476, 478). Today, with the focus on large cohorts this recommendation
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has not been considered due to cost, time and labour restrictions. Although, the DH
may not feasible for larger studies, for clinical trials it can be used successfully.
However, performance needs to be determined in this context. Based on the lack of
evidence for the performance of the interview DH in clinical studies, research is
warranted.

1.9. Conclusion
Inherent biases and characteristic measurement errors associated with dietary
assessment methods are present regardless of sample size or study context. Clinical
studies will have their own issues that need to be discussed, especially in research
where outcomes are entirely based on adherence to target diets. In fact, under such
highly controlled conditions information from validations may inform larger studies
using dietary measures. Identification of predictors of underreporting under these
conditions can assist interviewer training and in turn quality control procedures.
Furthermore the context of administration of and response to dietary assessment in
population studies is different to that of smaller studies where individuals are under
highly controlled conditions with large research burdens.
Despite the quantity of dietary intervention research in the literature, dietary
assessment methods are not being examined in this context. If anything, this review
has shown that dietary methodology literature is very much focused on population
research. There are very few validation studies related to smaller clinical trials and
experimental supplementation studies. In fact, no studies were found examining the
use of dietary methods to ensure the stability of background intakes during
supplementation so that the true effect of the intervention was seen. In addition,
considering a method such as the DH is widely used in the clinical setting (504), its
performance in this context has not been examined. Nonetheless, comparisons of
DHs in the literature have shown that age, health status and body size affect
performance as do the administration context of the method and the sample size
under investigation. These issues will not be different in smaller studies and dietary
data should be scrutinised.
There are a number of levels of evidence in nutrition research for the establishment
of diet effects. The highest level of evidence being the randomised controlled trial or
experimental study where greater control is exerted over research outcomes and
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protocols are, therefore, conducive to smaller sample groups. Since these outcomes
are treated with such high regard in systematic reviews, meta-analyses and
evidence-based practice, the results must demonstrate that the dietary assumptions
are valid. Klipstein-Grobusch et al have shown that embedding validation studies into
intervention trials does not affect results even when the foods were provided during
the intervention (90). In these trials, the ability to measure dietary change can only be
assessed within the trial where change is likely to occur. The methods have to be
validated in this context. In addition, it has been recommended by many that more
than one method be used in validation studies of dietary methods in interventions
and that the reports on their performance be published (495, 498, 501). Facilitation of
internal performance studies in dietary intervention trials should be encouraged and
supported. This thesis aims to examine the performance of the open-ended interview
administered DH method in experimental intervention studies in a number of different
research contexts. It is hypothesised that the DH method is a valuable and accurate
method for estimating dietary intake in controlled experimental intervention studies
involving dietary manipulations or the inclusion of supplements.

1.10. Thesis outline
This thesis consists of multiple validation studies in different study samples of freeliving adults participating in dietary intervention research. All studies combine a range
of statistical techniques for comparison of the DH (test method) with both reference
dietary assessment methods and biological markers of intake. The first study aimed
to examine the performance of the DH method in this context where subjects had
been diagnosed with Type II diabetes mellitus. The second study compared the
performance of the DH method in trials involving healthy individuals and those
diagnosed with Type II diabetes mellitus. The aim of this specific study was to
determine if performance of this DH was affected by differences in the sample group
and in the context of administration. Archival dietary data was used in both these
studies.
The third study was incorporated into the study design of a dietary supplementation
trial examining the effect of an isoflavone and fish oil combination on cardiovascular
disease risk factors. The DH method was compared to both reference dietary
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hypercholesterolemic men and women.
The first two studies, reported in Chapter 3 and Chapter 4, were both relative
validation studies using a three-day weighed FR for comparison since data on
biological markers were not provided. The third study (Chapter 5) was conducted
with this in mind and the collection of both blood and urine samples were facilitated
by the study design. The DH was also compared to two reference methods i.e. the
three-day weighed FR and a telephone-administered 24R. The aim of this study was
to determine the performance of the DH in healthy individuals relative to the
reference methods and objectively compare reported intakes to markers of protein
and dietary fatty acid intake. In addition, the validity of the reference methods was
determined through objective comparisons with biological markers.
The fourth study (Chapter 6) was a pilot examination into the relationship between
hair and sebum fatty acid composition and self-reported dietary intake with the aim to
determine if hair samples can be used as markers of dietary fat composition. This
was investigated due to lack of available markers for reported MUFA and SFA intake
(150).
Through these four studies this thesis demonstrates how the DH methods performs
in experimental intervention studies where the study sample varies with respect to
disease state and the study varies in terms of degree of dietary intervention. It also
provides objective measures of this performance through biological markers of
dietary intake.

1.10.1. Thesis Aims
The central aim of this thesis is to determine if the DH method can produce valid and
reliable results in small groups of adults participating in experimental dietary
intervention research. The individual aims of each chapter are outlined below:
Study 1: To determine the relative validity of an interviewer-administered DH in men
and women with Type II diabetes mellitus participating in a dietary intervention trial
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Study 2: To determine the relative validity of an interviewer-administered DH in
healthy men and women participating in a dietary intervention trial and to compare it
to the performance of the same DH administered in men and women with Type II
diabetes mellitus who also participated in a dietary intervention trial.
Study 3: To determine the validity and reproducibility of an interviewer-administered
DH in hypercholesterolemic, hypertriglyceridemic men and postmenopausal women
participating in a dietary supplementation trial through relative and criterion
comparisons.
Study 4: To examine the relationship between self reported dietary fatty acid intake
and the composition of fatty acids in hair and sebaceous secretions from the scalp.

1.10.2. Hypotheses
The central hypothesis of this thesis is:
The diet history method provides valid and reliable data on self-reported
macronutrient and energy intakes for use in dietary intervention research in small
groups of adults.
Study-specific hypotheses are as follows:
Study 1: The DH method provides valid data on self reported macronutrient and
energy intakes for use in dietary intervention research in men and women with Type
II diabetes mellitus
Study 2: The DH method provides valid data on self-reported macronutrient and
energy intakes for use in dietary intervention research in healthy men and women
and in men and women with Type II diabetes mellitus and the validity of that data is
comparable between the two sample groups.
Study 3: The DH method provides valid and reliable data on self-reported
macronutrient and energy intakes for use in dietary intervention research in
hypercholesterolemic men and post menopausal women.
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Study 4: There is a significant relationship between dietary fat intake and the fatty
acid composition of both hair and sebaceous secretions.

1.10.3. Thesis structure
Chapter 2 of this thesis contains selected methods used in one or all of the studies to
avoid repetition in subsequent chapters. The methods mentioned will be put into
context in the ensuing chapters.
Chapters 3, 4 and 5 outline the implementation of each performance study and the
resulting findings, which are then discussed.
Chapter 6 describes the rationale behind the pilot study into hair and sebum fatty
acid composition and their comparisons with dietary intake. Findings are presented
and discussed.
Chapter 7: is a synthesis of the findings from all four studies and addresses the
central hypothesis that the DH method is valid and reliable when used in
experimental dietary intervention research.
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2. Methods
In this chapter, methods will be outlined, which are both common to several studies
in this thesis together with key techniques used in data analysis. The context of their
use will be discussed in subsequent chapters.

2.1. Anthropometric data
2.1.1. Body weight
Body weight (BW) was measured using digital scales (Tanita, TBF-622, Tanita
Corporation, Japan) with subjects barefoot and wearing as little clothing as possible.
They were asked to remove jackets or jumpers (jerseys) and all items from their
pockets. Weight was recorded to the nearest 0.1kg.

2.1.2. Height
Height was measured using a wall-mounted stadiometer to the nearest 0.5cm.
Subjects were barefoot and stood facing away from the stadiometer so that their line
of sight was 90 degrees with the opposite wall. Women’s hair was untied.
Measurements were taken in line with the top of the head using the stadiometer’s
attached indicator.

2.1.3. Body mass index
Body mass index or BMI is a measure of body fatness. It is often used as
anthropometric parameter in clinical and research settings. BMI was calculated using
the equation:
BMI = body weight/height2= kg/m2
BMI categories were based on those of Garrow et al (505) as 20-24 (healthy weight
range), 25-29 (overweight), 30-34 (obese) and greater than 35 (morbidly obese).

2.1.4. Body composition
Body fat percentage (%BF) was measured using bioelectrical impedance analysis
(BIA). BIA involves passing a small alternating current through the body and
measuring the resulting voltage drop. The current passes through the fat free mass
(FFM) of the body and measures the total body water content. This measure of
impedance is then combined with age and/or sex, height and weight in a prediction
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equation usually based on comparison with a criterion method like underwater
weighing. In this case, the current was administered and measured by foot pads on
Tanita TBF-622 Body Fat Scales (Tanita Corporation, Japan). The Tanita scale does
not provide impedance data, but rather calculates the resulting body fat percentage
based on a proprietary equation. It has been found to be a valid instrument for
measuring %BF in Australian adults (506).
Subjects were required to remove as much of their clothing as possible as well as
their shoes, socks or stockings. Soles of the feet were examined for cleanliness and
subjects were asked to wash them if necessary. They were required to remove all
jewellery as well as wrist watches and wallets. Subjects were asked to make sure
they had emptied their pockets before standing on the scale. They were not allowed
to eat within the hour of, nor exercise within three hours of measurement as their
hydration levels was likely to be affected, which in turn affects BIA measurements
(507). Subjects stood on the foot pads of the scale avoiding bending of the knees,
with straight backs looking at the wall. To reduce the within-person variation in
measurement, subjects were measured in the same room under the same
conditions. Where possible, subjects were asked to attend their dietary interviews at
the same time to improve reproducibility of measurement so as to assess real
change in %BF over time.
FFM was calculated from %BF by determining fat mass (FM) (FM=%BF/100 x BW)
and subtracting FM from BW (FFM=BW-FM).

2.2. Dietary data
2.2.1. Diet history
Two variations on the DH method have been used in this thesis, a non-structured
style and a structured style. Both are open-ended, interviewer-administered methods
however differ in their approaches to discussions about food and recording of data.
The non-structured approach has been used in previous research in sample groups
from the Illawarra region of NSW (504). The structured approach was designed by
the author for the measurement of energy and nutrient intakes in selected studies.
The intricacies of both styles are explained in the sections following; however both
styles will be referred to as “the DH” in subsequent chapters.
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2.2.1.1. Non-structured diet history
The non-structured DH approach (30) was an open-ended interview with a trained
dietitian recorded on a non-structured paper form (Appendix A). Subjects were asked
to recall their intake on a “typical” day and were allowed to speak uninterrupted until
they had recalled the final meal of the day. The aim of this type of DH was to allow
subjects to engage in free conversation about the foods they ate before interruption
for questioning on portion size and frequency. This has been found to aid in context
definition of food intake and prompt thought about food (446, 504). Other studies
have prompted discussion about food intake using a 24R before interview
administration (5, 81, 491). Following uninterrupted recall, the dietitian then
questioned each subject on the amounts consumed, frequencies in which consumed
and variations in consumption. Weekend-weekday variation was considered as well
as foods eaten out of the home. The dietitian took care to make sure the frequencies
of consumption in each meal added up to seven days or one week i.e. if an item was
consumed “once a fortnight” then it was considered to be eaten “0.5 times a week”. If
not, then subjects were asked if they ate that meal every day of the week eg. Do you
eat breakfast every day? Accurate estimation of frequency is important for testreference agreement as there are different time frames for sampling in a recall
versus shorter records (80).
Food models, household measuring utensils and food packages were used to assist
the participants in their recall. A frequency checklist was administered following the
DH to make sure that foods, known to be omitted from dietary reports (yoghurt,
eggs, cheese, nuts, alcohol, biscuits, cake, chocolate, snack foods and takeaway
foods) (446), were all included in the subjects report. The DHs were recorded on
blank sheets of paper to allow space for conversational talk about food.

2.2.1.2. Structured diet history
The structured DH (Appendix B) was an open-ended, structured form administered
by a trained dietitian designed to measure usual intake. This DH followed an openended, multiple-pass technique with a food frequency checklist and a meal
preparation questionnaire to be administered after completion. The structured form
was meal-based and meals were divided into breakfast, morning tea, lunch,
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afternoon tea, dinner and evening snack. Prompts were listed in each meal and were
foods found to best reflect Australian eating patterns. These prompts were based on
previous research conducted in similar groups in Australia (30, 38, 446) and on
information gained from the 1995 Australian National Nutrition Survey (136).
Considering the nature of validation study, which took place within an intervention
trial, the author was not as concerned with omitted foods as with accuracy of
reporting. The prompts were used to ask open-ended questions like “Do you have
anything else with that meal?” and closed-ended questions like “Do you ever have
eggs for breakfast” to aid subjects with their recall.
Subjects were allowed to speak freely within each meal about what they ate, but
were to stop at the end of each meal. The dietitian then questioned them on
variations in intake and the amount and frequency of consumption. Prompts were
used to make sure they recalled as best possible. The questionnaire was designed to
keep each meal as a separate entity so that subjects focused on the context of food
consumption during that time of day e.g. a subject may recall that breakfast was
always eaten at home where they only ever ate cereal with milk or that lunch was
eaten in a cafeteria five times a week. This was especially helpful for the dinner meal,
which has been shown to exhibit large within-person variation in Australians (446).
Subjects were asked to recall the dinner meal in such a way that they reported the
characterising food of a meal they might eat for dinner and the frequency in which
that meal was consumed e.g. roast chicken once a week. They were encouraged to
do this uninterrupted until they could not recall any more meal variations. The
dietitian then went over each meal variation and asked what was eaten with that
ingredient e.g. roast potatoes, beans and peas eaten with roast chicken. The dietitian
then asked them about the amounts they consumed. They were also prompted to
recall the type and frequency of meals eaten out of the home.
Within each meal the dietitian made sure that all foods listed added up to seven days
of intake i.e. if a food was eaten “once a fortnight” then it was consumed “0.5 times a
week”. If foods within a meal did not add up to seven days then the subjects was
asked whether they consumed that meal every day. If frequency of consumption was
too high, frequencies were adjusted with the subject to best reflect intake over a
specified period. Generally, foods eaten less than once in that period, were not
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recorded. Subjects were also required to bring in their rotational cafeteria menu if
they ate any of their meals at work.
Portion sizes were estimated using a portion size atlas containing eight photographs
for each of the 76 foods (508). Household measuring utensils and empty food
packages were also used. Food packages were particularly important if subjects
could not recall the brand names of certain items, especially fats, oils and spreadable
fats.
Following DH administration, the subject completed a frequency checklist, which
contained foods known to be omitted from dietary reports in Australians (446) as well
as foods of interest to the author and other investigators (See Chapter 5). Other
investigators have used this checklist approach (64, 327). Subjects then had to
complete a meal preparation questionnaire which asked about types of oils and fats
used and the frequency of salt use. The questionnaire also asked about trimming
practices of meat and chicken. Subjects were asked about supplement use and were
encouraged to bring in their empty supplement containers for the dietitian to inspect.

2.2.2. Food record
2.2.2.1. 3-day food record
Food records (FR) were to include two weekdays and one weekend day, which were
not required to be consecutive. Subjects were provided with FR packages, which
included the FR booklet, instructions on recording foods commonly eaten by
Australians at each meal time, Salter Slimmer Scales (Salter, 2kg in 20g increments),
measuring cups and measuring spoons. The FRs were designed to be small enough
to be carried around in either a hand bag or in a pocket, which was particularly
important for meals eaten away from the home.
Subjects were required to weigh or measure everything they ate or drank for those
three days. This included all food and drink, medications and supplements. Subjects
were to weigh their food by addition to the plate and then to measure the waste after
the meal and were also asked to record the time of each meal and the day on which
it was recorded. Instructions in the booklet and from the dietitian covered weighing
raw versus cooked foods, weighing peeled versus unpeeled foods; including recipes
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in the record and eating away from home. If a recipe was prepared the subjects were
to weigh their portion of the total recipe and the waste after the meal. The subjects
were also required to record the brand names and any special characteristics of the
food products they consumed e.g. “Baked not Fried”. They were also instructed to
pay particular attention to the brand names of the oils and spreads they used.
Subjects were also provided with sealable bags in which to collect the food labels of
any of the products consumed on the days of recording. All FRs were checked by a
dietitian when they were collected for obvious errors in recording or omitted items.

2.2.2.2. 4-day food record
The 4-day weighed food record (FR) was administered in the same way as 2.2.2.1,
however subjects were required to record their intakes for three weekdays and one
weekend day. These were not required to be consecutive.

2.2.3. 24-hour recall
Subjects were telephoned at their homes during the evening and were asked to recall
all food and drink consumed 24 hours prior to the call. An unstructured approach
was used in which subjects spoke freely about the foods they consumed. The
dietitian followed up with questions regarding the quantity and brand names of the
foods reported. Subjects were also asked to read out the labels of products over the
phone if they were unsure about the brand or type of product. They were also
encouraged to estimate portion sizes to the best of their ability. During the interview,
information was collected on methods of food preparation; oil, fat and salt used in
cooking; trimming of meat and thickness of spreads used during the 24-hour period.

2.2.4. Dietary data coding
Dietary data were entered into nutrient analysis software, which contained Australian
nutrient composition databases (509, 510). Study-specific nutrient analysis software
and nutrient databases are described in each chapter. Databases depended on the
nutrients required and the year in which the study was conducted. A DH template
was built within the software from existing FFQ templates. Both the unstructured and
the structured DHs were coded in the same way. Foods were entered into the
software, which searched the database automatically. An appropriate choice of food
was made and the portion size and frequency were entered. Frequencies were
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entered as “w” for week, “f” for fortnight, “m” for month. For example, if a food was
eaten three times a week it was coded as “3w”; three times a fortnight, “3f” or “1.5w”
or three times a month, “3m” or “0.75w”. Foods were entered according to the meal
within which they were consumed. Unlike coding for an FFQ, foods could be
repeated over the course of the day and were entered again if was the case. The
software used the frequency of consumption to calculate the nutrient composition of
each food per day by calculating:
Nutrient/day= frequency × quantity (g, mg, µg)
The coder used print outs of the resulting daily nutrient composition of the diet to
enter the values into a statistical package. Study-specific statistical analysis software
will be described in later chapters.
The FR was coded by selecting the appropriate food and the portion size consumed.
No frequency entry was required. The software produced the average nutrient
consumption for per day by calculating the mean intake over the number of days of
recording. Data were transferred by hand to statistical analysis software for analysis.
24Rs were coded in the same manner as the FRs, however daily intakes were
averaged over the days of recording to provide a single comparative method for
reference.
Given that transmission of data from the nutrient analysis software was not
automatic, the transfer of data by hand meant that errors were likely to occur. With,
this in mind, data were checked upon entry for each case and then upon completion
of the data set using computer-generated histograms. Cases in the upper and lower
tails of the distribution were checked by returning to the nutrient analysis printout and
examining the entries. This form of data cleaning was performed twice in each study.
Where subjects had high intakes of certain foods, which placed them further along
the distribution, the raw data from the interview or the FR were examined for possible
errors in recording. If an entry was questionable, the subject was contacted to clarify
the entry as best possible.

2.4. Urine
Urine was collected over a 24-hour period in 2L sealable plastic containers each
containing 1g ascorbic acid. The time at which collection began and ended was
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recorded on the bottles. Subjects were asked if they thought they had produced a
representative 24-hour sample. After they returned their samples, the urine was
decanted and total volume measured. Aliquots were labelled and frozen in duplicate
at -20°C.

2.4.1. Urine nitrogen
Thawed samples were diluted 1:10 in distilled water. Urine was analysed for urea
nitrogen (UUN) content using standardised kits based on urease reaction
(UREA/BUN, Kinetic UV Assay, Roche Diagnostics) in an automated analyser
(COBAS MIRA Plus Chemistry System, Roche). The assay was repeated using an
ascorbic acid quencher as ascorbic acid has been shown to interfere with certain
reagents when using a photometric analyser (511). Ascorbate oxidase (Sigma A0157, enzyme activity 250U/1.25ml) was diluted 1:50 with enzyme buffer (enzyme
activity 4U/mL) and added to diluted urine samples and to standards. The second
assay showed greater numbers of cases fell within the acceptable range for UUN.
Data from the second assay was used in the analysis.
Urine nitrogen (UN) content was calculated by:
UN = UUN + NUN
Where UUN is the measured urea content per 24 hours, NUN is calculated from the
non-urea content per 24 hours per kg body weight (0.031mg/kg) multiplied by body
weight in kg (512).
Protein intake equivalent (PE) was calculated as:
PE =6.25 * (UN + 2)
Where 6.25 is the universal conversion from nitrogen to protein and two denotes
dermal and faecal N losses which are 1 g respectively (229).

2.4.2. Creatinine
Thawed samples were diluted 1: 100 in distilled water. Urine was analysed for
creatinine content (Cr) using standardised kits (Creatinine-Jaffe, Kinetic Colorimetric
Assay, Roche Diagnostics) in an automated analyser (COBAS MIRA Plus Chemistry
System, Roche). As in 2.4.1, the assays were repeated with addition of ascorbate
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oxidase (Sigma A-0157, enzyme activity 250U/1.25ml). Ascorbate did not affect the
Cr measures as values were similar for both assays.
Cr was used to assess the completeness of urine collections. Due to time and cost
restrictions and a high subject burden, PABA was not used as a marker for
completeness in this thesis. Cr can also be analysed retrospectively once the urine
has been collected without prior administration of any agents (513). The ratio of
observed to estimated creatinine output must be between 0.6 and 1.4 to be
considered complete (514). This ratio is sex-specific and derived from observed body
weight:
Males: 100*24-hr Cr (mg)/24*BW (kg)
Females: 100*24-hr Cr (mg)/21*BW (kg)
Incomplete collections were not used in the analyses for this thesis.

2.5. Serum
Blood samples were collected using aseptic sampling techniques in labelled EDTA
tubes and immediately put on ice. Samples were centrifuged within two hours of
collection and plasma and erythrocytes separated. Samples were frozen in duplicate
at -80°C for one month. The oxidation of PUFA in the erythrocyte has been well
documented. Immediate preparation and freezing of the samples is recommended
(287). Samples were thawed for analysis of fatty acid composition.

2.5.1. Erythrocyte membrane phospholipid fatty acid composition
The fatty acid composition of human erythrocyte phospholipid (EPFa) was analysed
using the methods of Lepage et al (515) and Steck et al (516). In brief, erythrocytes
were centrifuged after addition of TRIS-buffer. The remaining pellet was diluted using
positive displacement. Both an internal standard (C17:0, 0.5mg/mL in chloroform)
and methanol:toluene (4:1, v/v) were added. Acetyl chloride was added while
vortexing and samples heated at 100°C for one hour. Samples were cooled and 6%
K2CO3 added to neutralize acetyl chloride and centrifuged. The upper toluene phase
was transferred to vials for measurement. Samples were analysed using a Shimadzu
GC-17A gas chromatograph equipped with a 30m x 0.25mm x 0.25 m capillary
column (FAMEWAX™, Restek GmbH). Hydrogen was used as the carrier gas. Both
the injector and the flame-ionization detector temperatures were set at 240oC. The
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column oven temperature was programmed to rise from 150oC to 230oC over a
period of 23 min. Fatty acid identification was based on the retention time of
authentic fatty acid methyl ester standards (Sigma-Aldrich, Castle Hill, Australia).
Phospholipids were expressed as a percentage of the total phospholipid content in
the erythrocyte membrane.

2.5.2. Plasma total fatty acid composition
Plasma fatty acid composition (PFa) was analysed using the methods of Lepage et al
(515). No preparation of plasma was required and the internal standard added to
thawed samples. Methods are as in 2.5.1 following addition of internal standard.
Fatty acids were expressed as a percentage of the total fatty acids present in the
plasma.

2.6. Hair samples
Hair samples were to be analysed for fatty acid composition both in the hair shaft and
in the surrounding sebum. Subjects were required to leave hair unwashed for 2-3
days prior to hair sampling to make sure that sufficient sebum build up had occurred.
They were also asked to avoid using hair products after their last wash. Hair was
sampled as close to the root as possible from three locations at the back of the head
near the nape of the neck. Gloves were worn at all times and scissors and hair
accessories were sterilized in alcohol prior to use. Sampled hair was transferred to
clean, sealed and labelled vials and stored at -4°C until analysis. Long hair was
sectioned into up to 10, one centimetre sections, which were stored in separate vials.
Sebum and hair fatty acid composition were analysed by methods outlined by Mogos
et al (517) and Kobayashi et al (518). Prior to analysis samples were weighed under
controlled conditions in a covered balance and placed in clean, dry labelled culture
tubes.

2.6.1. Sebum fatty acid composition
Samples were washed with petroleum spirit and heated to 37°C in a water bath.
Extracts were filtered through glass wool and rinsed again in petroleum spirit. An
internal standard (C20:4, 0.5mg/mL in chloroform) was added and the solution dried
under N and redissolved in methanol: toluene (4:1, v/v). Acetyl chloride was added
using positive displacement and the solution heated at 100°C for one hour. Six
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percent K2CO3 was added to cooled samples to neutralize the acetyl chloride.
Samples were centrifuged and the upper toluene phase transferred to clean vials for
analysis. The fatty acid composition was analysed using a Shimadzu GC-17A gas
chromatograph equipped with a 30m x 0.25mm x 0.25mm capillary column
(FAMEWAX™, Restek GmbH). Hydrogen was used as the carrier gas. Both the
injector and the flame-ionization detector temperatures were set at 240oC. The
column oven temperature was programmed to rise from 150oC to 230oC over a
period of 23 min. Fatty acid identification was based on the retention time of
authentic fatty acid methyl ester standards (Sigma-Aldrich, Castle Hill, Australia).

2.6.2. Hair shaft fatty acid composition
Chloroform methanol (2:1, v/v) was added to the remaining hair samples and they
were left to rotate in a cold room for 48 hours. Samples were then centrifuged and
filtered through glass wool. Filtered samples were analysed using the same method
as 2.5.3.1 after filtering.

2.7. Key analytical techniques
The studies presented in this thesis are in essence performance studies within the
context of three clinical trials. Funding for these trials was limited and isolated
validation and pilot studies were not possible. Sample sizes for the validation studies
were generally below 60 individuals and drawn from the trial population. Other
validation studies using the DHs or similar techniques have used samples of 12
(399), 16 (413), 31, (186), 37 (371), 41 (353), 42 (415), 43 (30) and 50 (50) subjects.
Tool administration and validation procedures commenced within each trial (internal
performance study) and did not incorporate a different research timeline. A
combination of statistical techniques has been used within each trial to outline the
different performance aspects of the DH in context. Performing multiple tests on data
introduces the possibility of Type I statistical error (316). All results should be
interpreted in the context of multiple analyses.
In contrast with studies where investigators examine particular micronutrients or large
scale food surveys where deficiencies are important, large within-person variation in
micronutrient intake (28) together with smaller sample groups and the contextual role
106

of the dietary assessment method in this thesis (to measure macronutrient intakes
over the course of an intervention trial) has not justified the inclusion of micronutrient
data in this instance. Subsequent validation studies will be macronutrient-based.

2.7.1. Plausibility of EI data
2.7.1.1. EI:BMR
When direct measures of EE are unavailable the plausibility of EI data can be
examined using fundamental principles of energy physiology. Comparisons can be
made between EI:BMR and the expected EE:BMR or PAL (208). The cut-off is the
value below which the EI reported is unlikely to represent habitual energy intake or
an uncharacteristically low intake obtained by chance after accounting for
measurement error (206, 208).
The derivation of the cut-off limit was reported in Goldberg et al (208) and was based
on studies of energy balance where EE was measured in a WRC and using DLW
with allowance for within-person variation in healthy subjects. A calculated cut-off is
based on the PAL of the group, the instrument under investigation, the sample size
and the duration of the recall or recording period.
Derivation of the lower cut-off for EI:BMR was as follows:
EI:BMR >PAL × exp [SDmin × (S/100) ]
√n
where PAL is the assumed physical activity level of the sample group under study,
SDmin is -2 for 95% CI and S represents the within-person variation in contributory
factors and is equal to √[CVw2/k + CVb2+CVp2] where k is the number of days of
recording, CVw is the within-person variation in repeated EI measurements, CVb is
the within-person variation in repeated BMR measurements and CVp is the betweenperson variation in PAL. Using S together with PAL, the cut-off limits were calculated
for both individuals (n=1) and for the sample group. It is recommended that studies
use study-specific variables for the calculation of S and for PAL to improve the
specificity of the cut-off for measuring implausible EI (211). Where possible, the
variables for the calculation of S and PAL have been calculated from data collected
for this thesis.
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2.7.1.2. EE:EI
Underreporting of EI can also be determined by calculating the ratio of EI to EE. In
energy balance EI=EE and, therefore, EI:EE=1 in weight maintenance (237). If the
expected ratio is one then the 95%CIs around the expected ratio define the upper
and lower limits of a plausible ratio. The lower 95%CI for the ratio was used to
identify underreporters of EI: 95%CI = ± 2 × √ (CV2EI/k -+CV2EE - 2r.CVEI/√k ×CVEE)
where CV2Ei is the within-person variation in EI, CV2EE is the within-person variation
in EE, k is the number of days of recording and r is the correlation between EI and
EE (237).

2. 7.1.2.1. EE equations
Measurements of BMR and total EE are costly to obtain, but can be predicted. In the
original proposal for this thesis, 24 hour EE was to be determined from indirect
calorimetry in a whole room calorimeter chamber (WRC) in a small methodology
study. However, due to time constraints and the incompletion of the construction of
the WRC by June 2003, this was not possible. Although, the study was already
designed and approved by the University of Wollongong’s Human Research Ethics
Committee, the supervision panel felt that this measure of EE was not feasible within
the time allocated to the production of the thesis. BMR and 24 hour EE have been
calculated using prediction equations. Both have been calculated using an equation
based on body weight and using a second equation based on FFM.

2.7.1.2.1.1. Schofield equation
The Schofield equation uses body weight to predict BMR. The equation was derived
from a meta-analysis of approximately 100 studies and used 7173 healthy individuals
aged from two to 60 years (519). The equation is sex- and age-specific (178) and is
as follows:
Males 30-60 years: BMRest = (48×BW)+3653 (kJ/day)
Males >60 years: BMRest = (49×BW)+2459 (kJ/day)
Females 30-60 years: BMRest = (34×BW)+3538 (kJ/day)
Females .60 years: BMRest = (38×BW)+2755 (kJ/day)
Values from this equation can be used to estimate total daily EE by multiplying with
subject specific PALs (EES)
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2.7.1.2.1.2 Cunningham equation
This prediction equation was determined in healthy adults and explains up to 90% of
the variation in REE. The Cunningham equation uses fat free mass (FFM) to
determine REE/BMR (BMRC) (520). The Cunningham equation is as follows:
BMR = 4.184× [370+(21.6×FFM)] (kJ/day)
Or BMR = 1548+ (90.37×FFM) (kJ/day)
FFM was calculated as in 2.1.4.

2.7.2. Agreement
2.7.2.1. Bland-Altman technique
The correlation coefficient has not been recognised as the definitive statistical
indicator of agreement. Techniques such as that published by Bland and Altman
have been used in many studies as indicators of agreement between clinical
measures. The Bland-Altman technique (332) plots the difference (bias) between test
measures in this case from the DH, and a reference method (abscissa, y) against the
mean of the test and reference values (ordinate, x). If hypothetically the DH were to
measure the same intake as the reference for all individuals in a sample group
subsequently the mean bias would be zero and cases would fall on y=0. In reality,
the scatter of cases around y=0 provides information about the magnitude and
direction of bias over a range of mean intakes. In this thesis the technique was used
to assess the association between bias and dietary intake, in other words the
presence of systematic error with increasing intake. The statistical significance of the
regression line expressing bias in terms of mean dietary intake was used to
determine any significant movement in bias movement over the range of dietary
intakes (32). The 95% CI around the mean bias (set as ±2SD) were termed the limits
of agreement and provided information regarding bias at the individual level. The DH
and the reference were considered to be in agreement if bias calculations for each
case fell between the limits of agreement. The greater the degree of separation of the
95%CI; the greater the variability in bias and the lower the relative precision of DH
measurement will be. Mean biases could differ less than 10%, which is acceptable,
but there may be a large range of differences in 95% of cases and in the other 5%
the differences could be even larger (521).
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2.7.2.2. Percentile ranking
Division of nutrient data into percentiles has been used on many occasions in the
methodology literature as a means of determining the ability of the test instrument
and reference method to rank individuals similarly along a distribution of nutrient
intake. Based on the sample sizes used in this thesis, data were divided into quartiles
of intake and compared using cross-tabulation. Gross misclassifications occurred
when nutrients measured in the highest quartile for the DH were measured in the
lowest quartile of the reference method and visa versa. The DH and the reference
method were considered to show poor agreement if gross misclassification occurred
in more than 12.5% of individuals (2/16 units in cross-tabulation) (522).

2.7.3. Adjustment for EI
2.7.3.1 Residual method
EI and nutrient data are positively correlated (62). It is for this reason that nutrient
data may need to be adjusted for between-person differences in EI, which may be
due to differences in body size, physical activity and metabolic efficiency between
individuals (62, 178, 520) . A method proposed by Willett et al uses the residuals of
a linear regression of the nutrient in question (dependant) on EI (independent) and
adds them to the mean predicted value from the regression (335). This dilutes the
effects of between-person differences in EI, which can attenuate correlations
coefficients leading to overestimated measures of agreement. Considering the
effects of EI on nutrient data is especially important when determining relative risk for
disease from estimated nutrient data, especially where EI may be a determinant or
when EI is associated with the disease (326). In this thesis, as in the published
literature, the residual method is called “energy adjustment”. Energy adjustment has
also been shown to dilute the effects of underreporting and to improve correlations to
a greater extent than if underreporters were excluded from the analysis (391).

2.7.3.2 Nutrient densities
In this model, macronutrient intake is expressed as a percentage of total EI to adjust
for between-person differences in EI. The nutrient density model reduces the
variation in nutrient intake that is due to these differences. This method works best
when nutrients are highly correlated with EI. This can be said of macronutrient
intakes, but error in measurement of EI can introduce unwanted variation and EI is
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not necessarily controlled for in this model so it is not preferred for disease-risk
models (335). However, since relative risk is not examined in this thesis, the nutrient
density model has been used. It has been shown that nutrients expressed using the
nutrient density model are less susceptible to the effects of underreporting if present
(194). With smaller sample groups participating in clinical trials, the exclusion of
underreporters is not always feasible and using a model, which dilutes their effect on
the data may be warranted.

2.7.4. Validity coefficients
The correlation between true and measured intake is called the validity coefficient (ρ)
(148). Since true intake (T) is unknown, the validity coefficient can be calculated in a
triangular model using two reference methods, each having independent random
errors to the test method (D) (523), preferably another dietary method (R) and a
biochemical marker (M) (Figure 1). The closer ρ is to one, the better the apparent
validity. In this case, ρ is a measure of the reliability with which individuals are ranked
according to their habitual intake by the DH method (D) (524).
Figure 2.1: Pictorial representation of the triad model
D

ρDT

rDR

ρRT

T

R

rDM

ρMT
M

rRM

In the present investigations ρ was calculated using the observed correlation
between paired data (r):

ρDT= √(rDM×rDR/rRM)
ρRT= √(rDR×rRM/rDM)
ρMT= √(rRM×rDM/rDR)

Where D represents the DH, R the reference dietary assessment method, M the
biochemical marker and T the true intake. The model assumes that D, R and M are
linearly related to T and that their random errors are independent (148, 523-526).
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The calculation of ρ has been used to adjust for attenuation biases in relative risk
estimates (525), although the aim of ρ in the present case was to compare the
correlation between the DH measure and true intake and that of the reference and
the biochemical marker with true intake.All intake data were log transformed to
improve normality and adjusted for between-person differences in EI using the
residual method as in 2.7.3.1. The 95% CI for r were calculated using Fisher’s z
transformation. The 95%CI for ρ were calculated using a Bootstrap resampling
procedure where 1000 samples were generated and the squared validity coefficient
(ρ2) was calculated for each sample. In some cases during the sampling process, ρ
was greater than one (Heywood case). Heywood cases can arise when the product
of the two of the sample correlation coefficients is greater than the third or through
violation of model assumptions (523). Another more serious problem can arise where
ρ2 is negative due to random sampling fluctuations. This particular problem occurs
usually when a negative correlation between M and D/R is found. Where M is a good
marker of dietary intake few of these sampling errors should occur (523). Where ρ2
was negative (common during repeated sampling), obtaining the square root was not
possible (523). Cases with negative squared validity coefficients were not used in the
procedure. The 95% CI have been calculated based on the remaining calculations for
ρ, after very few cases with ρ2<1 were discarded. Heywood cases were included in
the sampling procedure.
Since there is likely to be a positive covariance between the random errors of the DH,
FR and 24R, violation of the model assumptions means that ρDT and ρRT are likely
to be overestimated. Therefore, it has been recommended that the validity coefficient
ρDT represent the upper limit of ρDT and ρRT and the lower limit of ρMT (524). The
relationship between the biochemical marker and diet need not be known as it is
used only as an additional correlate (527). In addition, the sample correlation
coefficients can be seen to be the lower limits of the validity coefficient (523) in cases
where violation of the model assumption of independence of random errors is
uncertain.
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2.7.5. Responsiveness
Responsiveness refers to the ability of the dietary instrument to assess change in
nutrient intake. This was determined from the measured change in nutrient intake
over the course of intervention (intervention effect). The intervention effect and
responsiveness factors were calculated using an equation described by Kristal and
co-workers (501) where:
Responsiveness = intervention effect/ SD of the intervention effect
The intervention effect was calculated from the mean change in nutrient in the
intervention group minus the mean change in nutrient in the control group. The SD
was defined as the square root of the sum of the variances of change in the
intervention and control groups. The higher the responsiveness factor the more
sensitive the instrument is to dietary change.

Note that analytical techniques, referred to in Section 2.7, will be referred to in the
methods sections of ensuing chapters throughout this thesis.
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3. Relative validity of a interviewer-administered, open-ended diet history in a
clinical study in men and women with Type II diabetes mellitus

Large parts of this chapter have been published in:
Martin GS, Tapsell LC, Denmeade SL and Batterham MJ. The relative validity of an
interview diet history in an intervention trial manipulating dietary fat in the
management of Type II diabetes mellitus. Prev Med 2003, 36:420-428.

GS Martin authored the paper and analysed the data, LC Tapsell was a chief
investigator on the study and provided editorial comment, SL Denmeade collected
the dietary data and contributed to the authoring of the methods section of the paper
and MJ Batterham supervised statistical analyses and provided editorial comment.

This paper has been adapted to fit within the structure of this thesis.

3.1. Introduction
In dietary trials where investigators manipulate nutrient intake, dietary assessment
methods have to measure both the delivery and the effect of the intervention. This is
also true of clinical practice, albeit in less rigorous manner. In clinical practice
dietitians need to build on advice based on dietary assessment and monitor the effect
of such advice. There has been at least one study examining dietary data generated
in clinical practice, however, this was not at the level of dietary prescription (57). In
saying that, dietary assessment in intervention trials, which call on a highly controlled
form of clinical measurement, can provide information on reporting practices in
representative groups (528).

Many forms of assessment have been used in smaller dietary trials, few have been
published, but the interviewer-administered DH method has an established place as
a dietary assessment method in both research and in the clinic. It is valuable in
intervention research where dietary manipulation is required at the time of
assessment. The DH also has certain communicative advantages (446) and
interviewer presence maintains respondent compliance (42).

Nevertheless, is it

prone to memory lapse and social desirability biases (339, 340, 529), but these
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negative aspects have to be weighed against the research objectives i.e. measuring
the “whole” diet. Closed ended questionnaires require pilot studies in the
representative group and in many cases, funding for intervention trials does not
budget for such research. In addition, FFQ-type instruments are not able to assess
whole diet when lists are limited. An open-ended dietary interview administered by
trained nutritionists was chosen for an intervention trial in Type II diabetes mellitus
(T2DM) conducted in the Illawarra region of NSW Australia. In the past this form of
DH has shown good relative validity in a short term intervention in healthy volunteers
from this region (30), but the study reported here tests the validity in this long term
dietary intervention trial in free-living men and women with T2DM.

3.2. Methods
The data used in this chapter was provided by the chief investigator and full
permission has been granted to use it strictly for the purposes of this thesis. Data
collection was approved by the University of Wollongong’s Human Research Ethics
Committee. Only data provided has been presented in this chapter.

3.2.1. Study and subjects
Data were from a dietary intervention trial conducted between 1997 and 1999 aimed
at examining the effectiveness of a long-term increase in dietary monounsaturated fat
(MUFA) in the management of T2DM (530). Men and women with T2DM living in
New South Wales, Australia, who had been referred to the Diabetes Education
Service, were invited to participate. Subjects had been diagnosed two years prior to
entry into the study and were all on a low fat diet prescribed by dietitians at the
Diabetes Education Service where they were receiving treatment. They were then
randomly allocated to one of three diet groups - one low fat group (control) (53%
CHO, 27% fat) and two modified fat groups (43% CHO, 37% fat) one receiving
monounsaturated canola products and the other receiving a specially designed
monounsaturated sunflower oil. Margarines and oils, used as modified fat delivery
agents, were provided to those in the intervention groups and the subjects collected
these at their quarterly clinic visits. Dietary advice for the intervention groups was
given based on the initial DH and revised at each visit. The control group was given
general advice on reducing total fat and in particular saturated fats. Due to the
retrospective nature of this investigation data on drop out rate was not available from
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the academic unit since the previous investigators working on the project did not
record this effectively.

3.2.2. Dietary assessment
Dietary interviews took place every three months for one year when subjects
attended the clinic for biochemical and anthropometric measures. Four dietitians
collected the dietary data using a non-structured DH interview as described in 2.2.1.1
with three months recall. Weight and height were measured at the metabolic clinic as
in 2.1.1 and 2.1.2, respectively. The DHs were used to assess compliance over the
course of the trial. Three day weighed FRs were also administered as in 2.2.2.1.
Instructions as to the completion of FRs were given during the dietary interview. Frs
were to be completed before the next dietary interview. Subjects were encouraged to
choose non-consecutive days for recording. This ensured that FRs were not
completed too close to the dietary interview to reduce the bias of a “learned effect”.
All FRs were checked by the dietitians at their dietary interview for errors in recording
or potential misunderstandings. In the present study, data from baseline (DH1, FR1),
three months (DH2, FR2), six months (DH3, FR3) and 12 months (DH4, FR4) have
been used.

3.2.3. Dietary variables
Dietary assessment data were entered into FoodWorks Nutrient Analysis Software
Version 2.03 (531) as in 2.2.4. Since the expressed aim of the study was to
manipulate the macronutrient proportions in the diet, CHO, protein, fat and alcohol
were provided from the nutrient density model and the fatty acids were provided as a
percentage of total fat. The variables protein, carbohydrate, fat and alcohol are
shown using the nutrient density model as in 2.7.3.2 (% protein, % CHO, % fat and %
alcohol). Monounsaturated, polyunsaturated and saturated fat as a percentage of
dietary fat are shown as % MUFA, % PUFA and % SFA respectively. Dietary data
were analysed as in 2.2.4 by research dietitians from the Department of Biomedical
Science at the University of Wollongong.
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3.2.4. Analysis
Statistical analyses were performed using SPSS Version 10 (532). Statistical
significance was set at a level of α=0.05 for all analyses. Subject characteristics at
baseline were examined for differences using independent sample t-tests. Data
should be considered in the context of multiple analyses.

3.2.4.1. Plausibility of EI data
Underreporters of EI were identified using EI:BMR as in 2.7.1.1. Cut-offs were
calculated as in 2.7.1.1 with a sedentary PAL of 1.55. This particular PAL was
chosen based on an earlier study by Goldberg et al (208) as study-specific PALs
were not available. Black et al have suggested that this is appropriate when PAL is
unknown (210). In addition, within-person variation in EI, BMR and PAL (CVEI, CVB
and CVP respectively) have been determined from pooled studies where CVEI is 23%
(23), CVB is 8% (178, 208) and CVP is 12.5% (212) since these could not be
determined from the data provided (see 2.7.1.1). Cut-off limits were determined for
individuals (n=1) and for the group (n=54). Individuals having an EI:BMR less than
1.14 for the DH and 1.06 for the FR were identified as underreporters. The group
cutoff for the DH was 1.48 and for the FR was 1.47. A McNemar’s test for correlated
proportions was used to assess differences in the degree of underreporting between
the DH and the FR. The effect of BMI on underreporting in the sample was
determined using a logistic regression model and was performed for each dietary
assessment method. Underreporting was assessed in all subjects and then classified
into those falling above or below the median BMI of 30 kg/m2. Because mean BMI
was 31.28 kg/m2, too few or no cases fell into the lower two groups (underweight or a
healthy weight) or the upper group (morbidly obese) when the groups were based on
the five categories of BMI. Groups were, therefore, collapsed into two categories (30
kg/m2 >BMI < 30 kg/m2).

3.2.4.2. Relative validity at baseline
Differences between intakes from DH1 and FR1 were examined using paired sample
t-tests. Correlation coefficients were used to assess the presence of a linear
association between the measurements made with the two methods. The percentage
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number of individuals with less than 20% discrepancy in paired values (% number in
agreement) was calculated using the equation:
% number with <20% discrepancy = number in agreement/total number of subjects×
100
where the number in agreement = number of cases where [DH-FR/DH × 100] <20%.
Bias in DH measurement was defined as the difference between the DH1 and the
FR1 (DH-FR). The association between bias and mean dietary intake [(DH+FR)/2] at
baseline was assessed using a technique described by Bland and Altman (332) as in
2.7.1.

3.2.4.3. Relative validity during the intervention
Accuracy/validity was defined as the absolute difference between measurements
made with the DH and the FR (|DH-FR|). A repeated measures ANCOVA with age
and BMI as covariates and sex and group (intervention or control) as betweenperson factors was performed on the absolute differences between paired data to
assess changes in accuracy over time. The analysis has allowed for missing data to
occur with cases over time.

3.2.4.4. Responsiveness
Responsiveness factors were calculated using an equation described by Kristal and
co-workers (501) as in 2.7.5 using data from three months and twelve months.

3.3. Results
3.3.1. Subject characteristics
Eighty six people took part in the intervention trial. For the purposes of comparison
with another study (see Chapter 4), one intervention group (canola oil, n=28) was
used in this analysis and compared to the control group (low fat, n=28). It should also
be noted that for the same reason, only data from baseline, three months, six months
and one year have been used. Of the 56 subjects participating in the validation study
(25 males and 31 females), 56 completed DHs at all time points, 54 completed the
FR before the intervention. By the end of the intervention 37 subjects provided FR
data.
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Subject characteristics are outlined in Table 3.1. The mean age of participants was
53 years and ranged from 30-64 years in females and from 38-65 years in males.
Males were significantly taller (P<0.01) and heavier (P<0.01) than females. Mean
BMI for all cases was 31.28 kg/m2. BMI in females was also higher than in males but
the difference was not significant.
Table 3.1: Characteristics of 56 adults with Type II diabetes mellitus participating in an intervention trial
Variable
Age (years)
Weight (kg)
Height (m)
2
BMI (kg/m )

Males (n=25)

Females (n=31)

All (n=56)

54 ± 8
93.6 ± 12.7
1.7± 0.1
30.5 ± 4.1

52 ± 7
83.5 ± 13.1**
1.6 ± 0.1**
32.3 ± 4.1

53. ± 8
89.1 ± 13.7
1.7 ± 0.1
31.3 ± 5.0

** Significantly different from the males at P<.01

3.3.2. Plausibility of energy intake data
Table 3.2: Number (%) of subjects underreporting EI according to EI:BMR classified by median BMI
c

Baseline φ
Total (n=54)
BMI < 30 (n=20)
BMI ≥ 30 (n=34)
Month 3
Total (n=48)
BMI < 30 (n=18)
BMI ≥ 30 (n=30)
Month 6
Total (n=40)
BMI < 30 (n=15)
BMI ≥ 30 (n=25)
One yearφ
Total (n=37)
BMI < 30 (n=15)
BMI ≥ 30 (n=22)
a

DH
Underreporters

a,b

d

Others

FR
Underreporters

Others

36 (67)
9 (45)
27 (79)

18 (33)
11 (55)
7 (21)

24 (44)*
4 (20)
20 (59)

30 (56)
16 (80)
14 (41)

35 (73)
10 (56)
25 (83)

13 (27)
8 (44)
5 (17)

27 (56)*
5 (28)
22 (73)

21 (44)
13 (72)
8 (27)

30 (75)
9 (60)
21 (84)

10 (25)
6 (40)
4 (16)

21 (53)*
6 (40)
15 (60)

19 (48)
9 (60)
10 (40)

29 (78)
9 (65)
20 (91)

8 (22)
6 (35)
2 (9)

24 (65)*
6 (35)
18 (82)

13 (35)
9 (65)
4 (18)

McNemar's test for correlated proportions in all subjects

b

Logistic regression analysis

c

Underreporters defined at EI:BMR<1.14. Others defined at EI:BMR>1.14

d

Underreporters defined at EI:BMR<1.06. Others defined at EI:BMR>1.06

* Number of underreporters significantly different from the DH at P<0.05
φ

From the logistic regression model, significant relationship between reporter and BMI at P<0.05 with the

FR
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Subjects underreported to a greater degree with the DH than with the FR at all time
points in the trial (Table 3.2). However, mean EI:BMR for the group was below the
respective group cutoffs for DH1 (1.08), DH2 (1.04), DH3 (0.98), DH4 (0.98) and FR1
(1.11), FR2 (1.02), FR3 (1.13), FR4 (1.01) at all time points within the trial indicating
group underreporting with both methods.

There was also a significant relationship between under-reporting and BMI in FR1
(r=-0.45, P<0.01) and FR4 (r=-0.42, P<0.01) (Figure 3.1) where subjects with BMIs
greater than 30kg/m2 underreported to a greater degree with than subjects with BMIs
less than 30kg/m2.

Figure 3.1: Relationship between under-recording with the FR and BMI at baseline and at twelve months
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Seventy nine percent (19/24) of people who under-recorded in FR1 also
underreported in DH1; 85% (23/27) who underreported in FR2 did so with DH2, 86%
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(18/21) who underreported in FR3 did so with DH3.and at the end of the study, 92%
(22/24) of people under-recording in FR4, underreported with DH4. This suggests
that the underreporting was not method-specific, but rather person-specific.

3.3.3. Relative validity before the intervention
There were no significant differences between methods for paired variables at
baseline (Table 3.3). Correlation coefficients ranged from 0.16 for % PUFA to 0.80
for % alcohol. There was a strong association between methods for reported alcohol
intakes, but no significant linear relationship between paired data for % MUFA, %
PUFA and % SFA. The degree of discrepancy was low for CHO and MUFA, two of
the nutrients of interest to the intervention with greater than 80% of cases showing
low discrepancy. In general, bias was low but the large SDdiff indicated that there
were

considerable

between-person

differences

in

bias.

This

means

that

discrepancies within individuals were not consistent across the sample group.
Table 3.3: Relative validity at baseline showing mean and SD for DH, FR and bias, correlation coefficients and degree of
discrepancy

Variable

a

Energy (kJ)
% Protein
% CHO
% Fat
a
% Alcohol
% MUFA
a
% PUFA
% SFA

DH1
(n=54)

FR1
(n=54)

Bias

Correlation

Agreement

Mean ± SD

Mean ± SD

Mean ± SD

r

% number with
<20% discrepancy

7641 ± 1880
21.72 ± 3.58
44.31 ± 7.69
29.07 ± 7.37
2.57 ± 5.30
42.34 ± 5.36
18.59 ± 5.79
39.07 ± 6.57

7803 ± 1922
21.08 ± 3.54
43.68 ± 6.26
29.73 ± 6.29
2.86 ± 5.89
41.47 ± 5.24
17.49 ± 4.72
41.03 ± 6.98

-244 ± 1959
0.55 ± 3.86
0.86 ± 6.51
-0.88 ± 6.40
-0.20 ± 3.62
0.93 ± 6.51
0.75 ± 6.57
-1.47 ± 8.63

0.47**
0.42*
0.57**
0.57**
b
0.80**
b
0.24 (0.35**)
0.16 (0.30*)
0.17 (0.31*)

b

53.7
68.5
88.9
64.8
57.4
85.2
51.9
61.1

a

Wilcoxon-Signed Rank test
Spearman’s Rank Order correlation
* Significant at P<0.05
** Significant at P<0.01
Note: Numbers in parentheses indicate correlation coefficients when outliers for bias were removed

b

No significant trends in bias with intake were evident for energy and all
macronutrients indicating that bias was operating over a range of intakes. The
degree of bias as shown by the 95%CI was large for all variables indicating, as
aforementioned, inconsistencies in bias between individuals i.e. cases are spread
widely around a difference of zero. When cases showing large discrepancies
between paired data were removed (those outside the limits of agreement) the
correlations for DH1 and FR1 improved for all variables. % PUFA showed a more
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pronounced relationship between bias and intake (r=0.18) than other variables, but
this was not significant (Fig 3.2). Removing cases that showed large discrepancies
between paired data resulted in an improvement in the correlation coefficient
between DH1 and FR1, which became significant (r=0.30, P<0.05) (Table 3.3).
Similarly, removal of outliers for % MUFA and % SFA intake (same individuals)
resulted in an increase in correlation coefficients (Table 3.3) and the linear
relationships for paired data became significant (r=0.35, P<.01 and r=0.31, P<.05 for
% MUFA and % SFA respectively).

Despite low correlations for the fatty acid

subtypes, paired data were generally within the 95%CI of the bias (Fig 3.2), which
indicated that DH1 and FR1 were in agreement.
Figure 3.2: Plot showing the relationship between bias and mean for the fatty acid subtypes expressed as a percentage of
dietary fat at baseline
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Figure 3.2 shows the plots of the difference (bias) against the mean intake for the fat
subtypes expressed as a percentage of fat. The limits of agreement for % PUFA and
% MUFA were tighter around the mean bias than for % SFA, which indicated that the
former were being measured with greater accuracy by the DH relative to the FR.
Moreover, the range of mean intakes for % MUFA was small, which reflected the
limited nature of their supply in food. There was no evidence of increased biases with
increasing intake for any of the three fat subtypes.
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3.3.4. Relative validity during the intervention
The magnitudes of bias were not large for any of the variables over the four time
points. EI differed greatly between DH3 and FR3, but this was only more pronounced
in the intervention group. The accuracy was consistent for the macronutrients over
the four time points. Reported protein intakes were significantly better in the
intervention group than in the control group (Table 3.4) determined from post-hoc
analyses of the significant interaction term.
Table 3.4: Accuracy (|DH_FR|) at all time points during the trial in both intervention and control groups

a

Time point
Energy (kJ)
Intervention
Control
All
b
% Protein
Intervention
Control
All
% CHO
Intervention
Control
All
% Fat
Intervention
Control
All
% Alcohol
Intervention
Control
All
c
% MUFA
Intervention
Control
All
% PUFA
Intervention
Control
All
% SFA
Intervention
Control
All

1

2

3

4

1350.96 ± 1044.71
1829.55 ± 1250.90
1581.39 ± 1162.91

1490.44 ± 1061.67
1674.92 ± 1041.32
1590.36 ± 1043.56

3168.34 ± 2504.19
1720.31 ± 1728.27
2299.52 ± 2165.54

698.55 ± 601.76
1119.35 ± 770.60
937.38 ± 724.87

2.58 ± 2.12
3.58 ± 2.56
3.06 ± 2.37

2.88 ±2.16
3.37 ± 2.46
3.15 ± 2.31

3.20 ± 2.26
3.42 ± 2.44
3.33 ± 2.34

2.20 ± 1.83
3.68 ± 3.67
3.04 ± 3.07

5.88 ± 3.74
4.14 ± 4.47
5.04 ± 4.16

6.80 ± 5.02
6.48 ± 3.76
6.63 ± 4.33

4.46 ± 3.44
4.35 ± 3.00
4.40 ± 3.16

4.71 ± 3.23
3.91 ± 3.36
4.25 ± 3.28

5.30 ± 3.55
4.89 ± 4.33
5.10 ± 3.91

6.56 ± 5.11
5.91 ± 3.87
6.21 ± 4.45

5.35 ± 5.12
5.70 ± 3.45
5.55 ± 4.19

5.25 ± 2.90
3.87 ± 4.11
4.47 ± 3.65

1.41 ± 3.00
1.84 ± 3.51
1.61 ± 3.24

0.98 ± 1.60
2.22 ± 4.56
1.65 ± 3.55

1.77 ± 2.54
2.91 ± 4.90
2.46 ± 4.11

.058 ± 1.17
2.11 ±4.09
1.45 ± 3.24

6.24 ± 4.73
4.01 ± 2.63
5.17 ± 3.99

4.48 ± 2.90
3.74 ± 2.43
4.08 ± 2.65

4.45 ± 4.08
3.74 ± 2.43
4.03 ± 3.19

3.63 ± 4.53
3.44 ± 2.98
3.52 ± 3.67

5.77 ± 4.24
4.21 ± 4.47
5.02 ± 4.38

4.70 ± 2.88
4.48 ± 3.74
4.56 ± 3.34

3.59 ± 2.37
3.94 ± 2.46
3.79 ± 2.40

2.78 ± 2.04
3.6 ± 3.16
3.25 ± 2.73

8.14 ± 6.35
6.33 ± 3.60
7.27 ± 5.25

7.70 ± 4.66
5.09 ± 4.42
6.41 ± 4.67

6.67 ± 5.13
5.46 ± 3.81
5.98 ± 4.41

5.01 ± 4.10
5.54 ± 4.69
5.31 ± 4.40

a

Repeated measures analysis of covariance
Significant interaction between BMI and time at P<0.01; |DH-FR| significantly greater in control group at P<0.05
c
Significant interaction between BMI and time at P<0.05; Significant interaction between age and time at P<0.05
b
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There were significant interactions between BMI and time for the accuracy of both
protein and MUFA intake measurements (Figure 3.3). The accuracy of protein intake
measurements was stable over the range of BMI at baseline and at six months. At
three months the accuracy of reported protein intakes improved with increasing BMI,
but at twelve months accuracy decreased at the larger BMIs.

Figure 3.3: Plot showing the dependence of |DH-FR| for % protein and % MUFA intake on time of data collection and BMI
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At baseline the accuracy of reported MUFA intakes tended to improve slightly at
higher BMIs (BMI>35 kg/m2). This may have been due to larger individuals
underreporting with the FR at baseline, which then caused DH1 and FR1 to move in
line with each other at higher BMIs. At three months accuracy also improved as BMI
increased. Accuracy then decreased with increasing BMI at six months but was
stable over the range of BMIs at 12 months. A significant interaction between age
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and time for the accuracy of reported MUFA intakes was also evident (P<0.05).
Accuracy of MUFA intake measurement declined with increasing age at baseline and
after three months. At six months, there was no change in accuracy with increasing
age, but at the end of the trial accuracy improved with increasing age.

Interaction plots can be difficult to interpret and the graphs have been included to
show the difference in patterns of accuracy in individuals at different time points. This
highlights the inconsistency of reporting in individuals of varying body fatness as the
clinical intervention persists. These findings illustrate that there are two possible
factors acting on accuracy of protein and MUFA intake with time, namely body
fatness or BMI and the time at which the data is collected. This reflects the intricacies
of measuring dietary intake during a long-term intervention and the differences in
reporting practices of the same individuals as they move through the intervention
phase.

3.3.5. Responsiveness
The DH was more responsive to changes in MUFA intake than the FR earlier in the
trial (Table 3.5), but the opposite was true at the end of the trial. The intervention
effects measured with both instruments were similar in both groups suggesting that
variability in repeat measurements within subjects was responsible for differences in
responsiveness. The change in MUFA intake between the intervention and control
groups was only significantly different when measured with the FR at three months.

Table 3.5: Responsiveness of the DH and FR for MUFA intake (% fat) measurement expressed as mean and SD at baseline
and after an elapsed time of three months and one year

Intervention group
Baseline
After elapsed time
Change
Control group
Baseline
After elapsed time
Change
Intervention effect
Responsiveness factor
a

Elapsed time

b

Significantly different at P<.05

DH
a
3 months

FR
a
3 months

DH
a
1 year

FR
a
1 year

42.17 ± 4.83
48.32 ± 4.32
6.18 ± 5.82

40.67 ± 5.4
45.10 ± 4.25
b
4.55 ± 6.58

42.17 ± 4.83
50.74 ± 4.89
8.78 ± 4.75

40.67 ± 5.40
47.97 ± 5.54
7.05 ± 7.48

42.50 ± 5.92
44.35 ± 3.90
2.7 ± 5.31
3.48 ± 7.94
0.44

42.34 ± 5.00
43.39 ± 4.33
b
1.79 ± 6.06
2.76 ± 8.95
0.31

42.50 ± 5.92
45.95 ± 4.31
4.31 ± 5.40
4.47 ± 7.19
0.62

42.34 ± 5.00
42.47 ± 4.57
0.67 ± 4.80
6.38 ± 8.77
0.73
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3.4. Discussion
The open-ended non-structured DH interview examined in the study was validated
retrospectively using a 3-day weighed FR for comparison. In previous research, the
same DH was found to accurately estimate macronutrient and energy intakes in
healthy Australians (30). In this study, the DH performed well relative to a FR in
Australians with T2DM. While the weighed FR is not a “gold standard” method and is
prone to respondent bias (119, 125) and reduced compliance (118-120), it does
incorporate different error to the DH and thus has been used as a reference method
in the past (30, 39, 42) and in the present study. Since it was not possible to
establish the accuracy of the FR by UN, it was assumed to be accurate at the outset.
However, underreporting was shown to be prevalent in the FR as well as in the DH.
Underreporters tended to underestimate with both the DH and the FR indicating
underreporting to be characteristic of the sample group and not the dietary method.
Nevertheless, the nutrient density model hopefully reduced the effects of
underreporting in this sample group, but this will not translate to EI estimates. It
should also be noted that persons taking part in this study were self-selected, which
may reflect in their ability to record and recall intakes as well as to report in line with
dietary targets. However, we were not limited to a single statistical analysis to report
on validity, bearing in mind that different techniques expose different limitations in
dietary assessment methods.

Lack of skill in reporting intakes may account for the larger proportion of
underreporters in the DH data before the intervention. It is also evident that larger
subjects contributed greatly to the overall underestimation of EI at most time points.
This unidirectional phenomenon has been observed in other studies (192, 193, 205,
216, 218, 222, 224, 350, 359-361). This supports the characteristic underreporting in
this sample group of larger Australians. It is also possible that keeping FRs may have
affected consumption during the trial, which then reflected in the participants’ dietary
interview. This could suggest under-eating rather than underreporting over the
course of the intervention (408). However, all participants had been treated for
diabetes with a “low fat” diet for almost two years prior to the study and it has been
shown that people with diabetes often report prescription diets (392, 393). Therefore,
initial similarities in underreporting with both methods were not surprising and these
then persisted throughout the intervention.
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Finally the degree of underreporting in this study may have been underestimated
because study-specific physical activity levels (PALs) could not be determined and
cut-off limits for the EI:BMR ratio were based on those calculated by Goldberg et al
with a sedentary PAL of 1.55 (208). Cut-off limits calculated for study-specific PALs
and dietary variation are more sensitive and specific (210, 211).

The DH and the FR measured the same mean intakes for energy and macronutrients
at both the group and individual level, but the failure of the fatty acid values to
correlate was of concern. However, with the removal of outliers for bias, of which
there were few, correlation coefficients improved and were significant. However, the
ability of the DH to measure fat at the individual level relative to the FR was still poor.
Since the true validity of the FR is unknown, one cannot infer that these results were
due to DH error alone.

The lack of relative bias before the commencement of the intervention meant that
the two instruments were in agreement, but showed large differences between
individuals for bias magnitudes. Nevertheless, one would not expect absolute
agreement as both methods incorporate different characteristics. A previous study
using the same DH in healthy people from the same region showed better
correlations for energy and fatty acids (30) than the current study (r=0.47-0.75
compared to 0.16-0.80). Other studies comparing FRs and open-ended DHs have
shown correlations of 0.13-0.66 (413), 0.38-0.82 (400), 0.19-0.67 (45) and 0.34-0.80
(387), which compare favourably with the correlations shown in the present study.

There is support in the literature for relative agreement as a better indicator of the
biases present. The correlation coefficient only supplies information about the
performance of one tool against another (332, 333). Good relative agreement could
be a function of either a lack of systematic error in the instrument or large variability
in the study sample. Considering that our sample had been treated dietetically in the
past, one would expect that between-person dietary variation would be low compared
with that of the general population. A reduction in the range of intakes, especially
where fat was concerned, would mean lower correlation coefficients, which may
explain the lower correlations seen for fat subtypes. However, stable patterns of
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intake in this group would then reduce random within-person error resulting in both
methods yielding intakes that are in line with each other (533). However, in the
present study, SDs for mean intake were comparable to some (109, 465) and even
higher than other studies (30)

in groups not treated dietetically in the past. In

addition, large SDdiff indicated large within-person variability. In this case, good
agreement was probably due to a lack of intake-associated error in the DH
instrument. In addition, low discrepancy for CHO and MUFA intakes suggested
stable consumption patterns for these variables, which was important considering
their place as dietary targets for intervention.

As the study progressed, the performance of the DH remained stable for most of the
dietary variables assessed. The greater discrepancy in protein intake reports for the
control group is difficult to interpret, but it has been shown that overweight individuals
underestimate their protein intakes with FRs (239, 534) and overestimate with DHs
(207, 220). This probably occurred in the present study in overweight individuals and
was supported by the interaction between protein intake, time and BMI. Reports of
this nature could be a response to social approval biases (339), but one cannot rule
out the difficulty in recalling a variety of protein-containing foods. This may have lead
to large within-person differences between measures of usual and actual intake,
which in turn increased the potential for large between-person variation in bias
magnitudes. This is confirmed in our sample by the large SDdiff for protein.
Nevertheless, a reduction in reports of high fat, protein-containing foods, which are
usually associated with a high fat diet may have occurred over the long term in the
control group who were required to follow a low fat diet throughout the intervention. In
contrast, the inverse may have occurred whereby the DH measured infrequent
inclusions of such foods, which were not recorded in the FR sampling days.

Given that MUFA was one of the intervention variables, thereby exposing it to several
biases, it was not surprising that reported intakes presented with a significant
interaction (Figure 2). MUFA intake was still overestimated by the DH at all data
collection points when compared to the FR; however the magnitude of the
overestimation was affected by the BMI of the subjects at different points in the
intervention. The influence of BMI on reported dietary intakes has been shown in
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other studies (224, 350, 369) and in the current study; however, it is likely that
reporting context and life experience are behind the observed patterns. A higher BMI
could suggest past attempts at weight loss and, therefore, variability in food
consumption patterns, in addition to social influences. At baseline and at three
months, the participants were completing the novel stage of the trial where they are
reporting on their compliance for the first time. At this stage, the importance of
reports on trial outcomes may have been unclear. At one year, the trial is moving
towards completion and subjects became aware that their results were important
which translated to bias magnitudes being similar over the range of BMI. The sixmonth stage is neither novel nor terminal. Those with lower BMI reported closer to
their FR data and those with higher BMIs tended to over-report intakes relative to the
FR. These patterns may reflect the different ways in which the stages of intervention
are influenced by experiences, which in turn may be linked to weight status and as
shown, age.

The change in responsiveness of both the DH and FR also reflects the stages of the
trial. At three months, subjects may have reported intakes in their interview in line
with the project goals, which led to an increase in the observed intervention effect.
After one year the participants were more familiar with the methods of data collection.
Dietary change had occurred but the differences between methods were reduced.
Although, responsiveness scores were higher for the DH and the FR at one year
(compared to respective scores at three months), the DH became less responsive to
change with respect to the FR. Less variation in the measured intervention effect with
the DH was coupled with increases in the intervention effect measured with the FR.
The drop in variation with the DH could be explained by increased familiarity with the
DH interview by both dietitian and subject and subsequently, more consistent
reporting. Alternatively, maintaining a FR may increase dietary compliance with time
and thereby show greater intervention effects based on the days of recording. It
would then be fair to say that the responsiveness of both instruments improved with
time, but that the full extent of the change in MUFA intake was better measured by
the FR at the end of the trial.
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3.5. Conclusion
In this study we have shown that the open-ended, interviewer-administered DH was
able to provide accurate estimations of energy and macronutrient composition
relative to FR measurements in people with Type II diabetes mellitus participating in
a dietary intervention trial. However, care should be taken when interpreting
outcomes based on absolute intake as underreporting is prevalent in this sample,
especially in the larger subjects. Moreover, the characteristics of the participants, the
nutrient focus of the intervention and the nature of the trial could potentially influence
results.
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4. Performance of an interviewer-administered, open-ended diet history in two
clinical studies with different sample groups

Large parts of this chapter have been published in:
Martin GS, Tapsell LC, Batterham MJ, Russell KG. Relative bias in diet history
measurements: a quality control technique for dietary intervention trials. Public
Health Nutr 2002, 53:537-545.

GS Martin authored the paper and analysed data, LC Tapsell was a chief
investigator on both studies and provided editorial comment, MJ Batterham provided
editorial comment and contributed to statistical analyses and KG Russell supervised
statistical analyses.

This paper has been adapted to fit within the structure of this thesis.
4.1 Introduction
There is evidence in the literature that dietary assessment instruments behave
differently in healthy individuals and individuals with particular conditions. In case
control studies of diet and cancer better reproducibility of the DH method was seen in
control subjects when compared to individuals with cancer (40, 94). Although this
may be due to the changing nature of diet with disease progression, the possibility of
biased reports in response to disease cannot be ignored. Other studies have shown
that people with Type II diabetes mellitus (T2DM) report in line with prescription diets
(392, 393, 407). Biases can affect different groups but the extent to which biases
infiltrate data will depend on the group in question.

In dietary intervention trials, where particular dietary prescriptions are used in the
treatment and prevention of disease, understanding bias is important. The ability of
performance studies to highlight particular biases in certain groups is useful for both
clinicians and nutrition scientists. In this instance, bias is often associated with overand underestimation of energy and macronutrient intakes by the chosen dietary
assessment method. Biochemical markers of intake can identify potential sources of
bias, but they often involve expense and carry another set of issues concerning the
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specificity of the markers themselves (306). In addition, biochemical markers are
limited in the information they can provide with respect to the measurement of ‘whole’
diet.

Where biochemical markers are unavailable, validity can be assessed retrospectively
against a reference dietary method using various statistical techniques. Since the
true validity of the reference is unknown, validity is relative.

Using relative

comparisons to examine performance can expose the limitations of a chosen
method, especially in intervention trials where sample sizes are small. Findings
generated from these relative investigations may then provide the basis for research
specifically designed to investigate error.

In Chapter 3 the relative validity of an open-ended DH interview was examined
retrospectively in a dietary intervention trial conducted in men and women with
T2DM. In this chapter, the aforementioned DH will be compared to the same DH
used in a similar, but shorter intervention in healthy adults with insulin resistance.

4.2. Methods
The data reported here were from two randomized controlled dietary trials examining
the effect of a modified fat diet on metabolic variables in the insulin resistant state.
Both trials were conducted through the University of Wollongong and drew
participants from the Illawarra region of NSW, Australia. In both studies the dietetic
approach involved manipulating current dietary patterns to meet the dietary targets.
The first trial was conducted in men and women who were insulin resistant but
otherwise healthy adults (Trial IR) and the second trial was conducted in men and
women with Type II diabetes mellitus (T2DM) who were receiving clinical treatment
(Trial DM). A profile of the dietary targets is given in Table 4.1.
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Table 4.1: Dietary targets for main variables in the two intervention trials
Dietary variable
(% of energy)
Total CHO
Total fat
PUFA
MUFA
SFA

Trial IR
Control
45
37
6
14
17

Intervention
45
37
6
23
8

Trial DM
Control
53
27
7
12
8

Intervention
43
37
7
22
8

4.2.1. Trial IR
Trial IR data were from a larger multi-centre study conducted in 1996 examining the
effect of a diet high in MUFA on the risk factors for Type II diabetes mellitus (535).
The Wollongong sample was recruited through local media advertisements and email
in tertiary institutions in the area. Participants were overweight, but otherwise healthy
adults. They were randomly assigned to either a control group or an intervention
group. Subjects in the intervention group were required to increase their MUFA
intake over the length of the trial (three months). The control group was to continue
with their normal diet. These data were provided by the chief investigator on the
study for the purposes of this thesis. Information on drop out rate was not available.
The trial was approved by the University of Wollongong Human Research Ethics
Committee.

Dietary intakes were assessed monthly adopting an open-ended non-structured DH
interview as in 2.2.1.1 with one months recall. Three students were trained in DH
administration and interviewers were different for each repeat interview to avoid
potential interviewer effects. Nutrition assessment interviews were used to
subjectively check compliance and recommendations were made to members of the
intervention group who needed further dietary manipulation. Subjects were also
required to provide a three–day weighed FR as in 2.2.2.1 during the period between
dietary assessment interviews. The subjects were instructed to record their intake on
non-consecutive days throughout the three months between dietary interviews. This
was done to minimise the effect on the dietary interview. The student dietitians
checked the FRs for missing values and for clarification of portion sizes at each
interview. Subjects were also provided with specific fats, oils and spreads along with
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recipes for preparing foods to be included in their diet throughout the three-month
trial. Weight and height were recorded at each interview as in 2.1.1 and 2.1.2,
respectively. The dietary variables reported here were from data collected at baseline
(DH1, FR1) and at monthly intervals until the end of the trial (DH2, DH3, DH4 and
FR2, FR3, FR4). Dietary data were analysed with the Diet 1 (536) as in 2.2.4 by the
student dietitians who collected the dietary data.
4.2.2. Trial DM
The aim of Trial DM was to examine the effect of a high MUFA diet on the metabolic
indices of diabetes control. The intervention diet required a reduction in total
carbohydrate in the intervention group and an increase in total fat to accommodate
manipulations in dietary fatty acids (Table 4.1). The context of the trial is given in
3.2.1.

Dietary data was collected as in 3.2.2 and coded as in 3.2.3. The data from one of
the two intervention groups was chosen for this analysis as that particular group was
following a high MUFA diet like the intervention group in Trial IR. The control group
was used for comparison as was the control group from Trial IR.

4.2.3. Dietary variables
Since the aim of both trials was to successfully manipulate the macronutrient
composition of the diet to achieve the desired outcome; investigators were concerned
with the DH’s measurement of energy and macronutrient composition. Data on EI
and macronutrient composition were provided for the purposes of this analysis. For
protein, carbohydrate, fat and alcohol have been expressed as percentages of EI (%
protein, % CHO, % fat, % alcohol) and monounsaturated, polyunsaturated and
saturated fat expressed as percentages of fat (% MUFA, % PUFA and % SFA).

4.2.4. Statistical analysis
All data were analysed using SPSS Version 10 (532). The significance level was set
at α=0.05 for all analyses. Population characteristics at baseline were examined for
differences between the trials using analysis of variance (ANOVA) with sex and trial
as factors.
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4.2.4.1. Relative validity
Relative validity was examined in paired data at baseline. Paired sample t-tests were
used to examine the difference between group means for energy and macronutrient
intakes derived from the DH1 and the FR1. Pearson correlation coefficients assessed
the linear relationship between paired data and Spearman’s Rank Order correlations
were used where required. In addition, mean intakes measured with each instrument
were compared between Trial IR and B using independent sample t-tests.

Bias in DH measurement was defined as the difference between the DH1 and the
FR1 (DH-FR) and could be positive or negative. The association between bias and
mean dietary intake [(DH+FR)/2] at baseline was assessed as in 2.7.2.1.

Data were divided into quartiles as in 2.7.2.2 to assess ranking agreement. In the
present study the SD of the mean difference between paired data (SDdiff) was
expressed as a ratio of the SD of the mean average intake (SDmean) measured with
the two methods. A lower ratio shows good agreement between methods (333).

4.2.4.2. Bias and accuracy during the intervention
Bias (DH-FR) in DH measurement was calculated for the intervention and control
groups as well as for the total sample in each trial at each of the data collection
points. Between-person variation in bias was examined using the SD of the bias
(SDdiff). A three-way repeated measures analysis of covariance (ANCOVA), with age,
and BMI as covariates and sex, group (intervention or control) and trial (Trial IR or
Trial DM) as between-person factors, was used to assess changes in bias over time.
Individual post-hoc analyses were then performed on all significant interaction terms.
The accuracy of DH measurement over time was also examined. Accuracy was
defined as the absolute value of the difference between the DH and the FR (|DHFR|). A 3-way repeated measures ANCOVA was performed with age and BMI as
covariates and sex, group (intervention or control) and trial (A or B) as betweenperson factors.

4.2.4.3. Plausibility of EI data
EI:BMR was determined using predicted BMRS from the Schofield equation as in
2.7.1.2.1.1. The cut-off limits for individuals and for the groups were determined from
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Goldberg et al (208) for a sedentary PAL of 1.55 as in 2.7.1.1. Study-specific cut-offs
for the groups were not calculated as retrospective data on physical activity was not
available and mean group PAL could not be determined. In addition, within-person
CVEI, CVB and CVP have been determined from pooled studies where CVEI is 23%
(23), CVB is 8% (178, 208) and CVP is 12.5% (212). Cut-off limits were determined for
individuals (n=1) and for both groups. Individuals having an EI:BMR less than 1.14
for the DH and 1.06 for the FR were identified as underreporters. The group cut-off
for the DH was 1.48 and for the FR was 1.47 in Trial DM. A McNemar’s test for
correlated proportions was used to assess differences in individual underreporting
between the DH and the FR. The effect of BMI on underreporting in the sample was
determined using a logistic regression model and was performed for each dietary
assessment method in both trials.

4.2.4.4. Responsiveness
Responsiveness was assessed as in 2.7.5 using data from baseline and three
months (DH1, FR1, DH4 and FR4) in Trial IR and using data from baseline, three
months and twelve months (DH1, FR1, DH2, FR2, DH4 and FR4) in Trial DM.

4.3. Results
4.3.1. Subject characteristics
Thirty five adults took part in Trial IR, 17 in the control group and 18 in the
intervention group. Of those participating, all subjects attended DH interviews and
completed 3-day weighed FRs at all time points. Subjects ranged in age from 29 to
42 years and were overweight (Table 4.2). Eighty six people with T2DM took part in
Trial DM. Fifty six of those were chosen for the validation study, one intervention
group (n=28) and one control group (n=28) (see 3.3.1). One intervention group
(canola oil) was chosen for the purpose of comparison with the intervention group in
Trial IR based on similar macronutrient profiles of the target diets. Data from
baseline, three months, six months and one year were used for comparison with the
four time points in Trial IR. Of those participating in Trial DM, 56 completed DH
interviews and 54 completed FRs at baseline (see 3.3.1), 48 completed FRs at three
months, 40 at six months and 37 at the end of Trial DM.
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Table 4.2: Characteristics of subjects (Mean ± SD) providing data for Trial IR and Trial DM at baseline

Age (yrs)
Weight (kg)**
Height (cm)**
2
BMI (kg/m )**
*

Males (n=12)

Trial IR
Females (n=23)

All (n=35)

Males (n=25)

Trial DM
Females (n=31)

All (n=56)

46.69 ± 6.27
86.07 ± 13.60
178.85 ± 6.62
27.4 ± 3.7

45.95 ± 7.36
68.78 ± 13.78
162.09 ± 5.36
26.2 ± 4.5

46.23 ± 7.01
75.20 ± 15.78
166.68 ± 8.54
26.6 ± 4.2

53.81 ± 7.86
93.60 ± 12.67
174.27 ± 7.38
30.4 ± 4.1

52.16 ± 7.06
83.46 ± 13.07
160.52 ± 7.92
32.3 ± 4.1

53.07 ± 7.49*
89.07 ± 13.71*
168.13 ± 10.23
31.3 ± 5.0*

Significantly different from the Trial IR at P<0.01

** Males significantly different from females in both trials at P<0.01

Men and women participating in Trial IR were of similar age. This was also true of
Trial DM. Not surprisingly, in both trials men were both taller and heavier than
women. Trial DM subjects, although following low fat diets, were heavier than
subjects from Trial IR. They were also significantly older.

4.3.2. Relative validity
In general, values from the DH were similar to the FRs in both trials, although the DH
did measure significantly lower EI than the FR in Trial IR (Table 4.3). The proportion
of CHO in the diet was greater with the DH in Trial IR, however, this may be due to
small discrepancies occurring within individuals, which were enough to yield
significantly different means. Both fat and alcohol means from the DH were lower
than for the FR and these could be responsible for the increased proportion of CHO
in DH measurement, but these differences were not significant. There were no
significant differences in macronutrient proportions between paired data in Trial DM.
Instrument-specific comparisons between trials showed that either people in Trial DM
consumed less than in Trial IR or the instruments were measuring significantly lower
values in Trial DM for energy, protein, fat and PUFA.
Table 4.3: Comparison between the DH and the FR (Mean ± SD) in Trial IR and Trial DM
Trial IR (n=35)
FR

DH
Energy (kJ)
% Protein
% CHO
% Fat
% Alcohol
% MUFA
% PUFA
% SFA

8466.43 ± 1974.51
c
18.77 ± 3.03
46.31 ± 5.94
32.03 ± 5.90
2.94 ± 3.33ψ
38.17 ± 3.83
g
17.77 ± 5.78
i
43.97 ± 6.04

a

9401.40 ± 2191.65
d
18.20 ± 2.61
e
44.49 ± 7.58
f
33.68 ± 7.12
ψ
3.83 ± 4.23
38.80 ± 4.16
h
16.49 ± 4.82
j
44.71 ± 6.75

b

t-test
p<0.01
ns
p<0.05
ns
nsφ
ns
ns
ns

DH

Trial DM (n=54)
FR

7640.95 ± 1879.93
c
21.72 ± 3.58
44.31 ± 7.69
29.07 ± 7.37
2.57 ± 5.30ψ
42.34 ± 5.36
g
18.59 ± 5.79
i
39.07 ± 6.57

a

7802.89 ± 1921.72
d
21.08 ± 3.54
e
43.68 ± 6.26
f
29.73 ± 6.29
ψ
2.86 ± 5.89
41.47 ± 5.24
h
17.49 ± 4.72
j
41.03 ± 6.98

b

a-d, g, i

Significantly different at p<0.01
Significantly different at p<0.05
Wilcoxon Signed Rank test
Mann-Whitney test

e-f, h, j
φ
ψ
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t-test
ns
ns
ns
ns
nsφ
ns
ns
ns

Correlations ranged from 0.24 for % alcohol to 0.74 for % CHO in Trial IR. Correlation
coefficients in Trial DM were poorer than in Trial IR and ranged from 0.16 for %
PUFA to 0.80 for % alcohol in Trial DM (Table 4.4). When subjects who exhibited the
largest differences between DH and FR were excluded, the correlation coefficients
for the fatty acids improved and became significant.
Table 4.4: Comparison between the DH and the FR measures in Trial IR and Trial DM
Trial IR
Variable

% number
with <20%
discrepancy
57.1
77.0
91.4
65.7
31.4
94.3
60.0
85.7

r

Energy (kJ)
% Protein
% CHO
% Fat
% Alcoholρ
% MUFA
% PUFA
% SFA

0.70*
0.54*
0.74*
0.62*
0.24*
0.34*
0.61*
0.64*

SDdiff

SDmean

SDdiff
/SDmean

r

1868
2.74
5.09
5.79
4.09
4.62
4.77
5.45

1865
2.47
6.31
5.88
3.21
3.26
4.76
5.80

1.00
1.10
0.81
0.99
1.27
1.41
1.00
0.94

0.43**
0.42**
0.57*
0.57*
0.80*
0.24 (0.35**)
0.16 (0.30*)
0.17 (0.31*)

Trial DM
% number
with <20%
SDdiff
discrepancy
53.7
1960
68.5
3.86
88.9
6.51
64.8
6.40
57.4
3.62
85.2
6.49
51.9
6.65
61.1
8.80

SDmean

SDdiff
/SDmean

1706
3.02
6.29
6.12
5.27
4.29
4.29
5.16

1.15
1.28
1.03
1.05
0.69
1.51
1.55
1.71

Note: numbers in parentheses indicate correlation coefficients after removal of cases showing large discrepancies between
paired data, SDdiff denotes the SD of the bias, SDmean denotes the SD of the mean averaged intake of DH and FR
ρ

Spearman’s Rank Order correlation

* Significant at p<0.01
** Significant at p<0.05

The lowest correlation in Trial IR was for % alcohol while this was the highest
correlation in Trial DM (See Figure 4.1). Trial IR subjects tended to drink less alcohol
than subjects in Trial DM, but the discrepancy between the DH and the FR was
larger in a few subjects reporting larger proportions of alcohol with the FR than with
the DH. Although subjects in Trial DM were reporting higher alcohol intakes than Trial
IR, within-person reports were more consistent.
Figure 4.1: Plots showing the linear relationship between DH and FR for % alcohol intake in Trial IR and B
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There were few variables that showed more than 80% of subjects having less than
20% discrepancy between paired data apart from MUFA and SFA in Trial IR and
CHO and MUFA in Trial DM. For most variables, the ratio of SDdiff to SDmean was
above 1.00, which indicates that the range of intakes was lower than within-person
variability. This explains the low correlations seen for some variables, especially for
the fat subtypes in Trial DM. Lower between-person variability reduces correlation
coefficients (351). However, in this case, differences between Trial IR and Trial DM
correlation coefficients for fat subtypes were due to lower within-person variation in
Trial IR and not necessarily lower ranges of intakes in Trial DM. In fact, as shown in
Chapter 3, the between-person variation was not small in Trial DM. Low correlations
were probably due to within-person random error operating in measurements in Trial
DM, something which is difficult to isolate. Correcting correlation coefficients for
within-person error would have been appropriate in this instance, however individual
dietary intake over time was not provided and, therefore, within-person variation
could not be determined over a number of days of recording.

Bias that moved from positive to negative with increasing % CHO intake in the diet
(r=-0.34, P<0.05) was evident in Trial IR (Figure 4.2). It appears that higher CHO
consumers tended to report more accurately than those who consumed smaller
amounts of CHO relative to energy intake. High CHO consumers underestimated
their intake with the DH in Trial IR, which may indicate difficulty in recall of CHO
containing foods at high intakes. In Trial DM the regression was not significant
(r=0.24, NS) and the precision in CHO measurement with the DH relative to the FR
was not as good as in Trial IR. The range of bias was also greater in Trial DM. This
was in keeping with the large SDdiff shown for CHO in Trial DM compared to Trial IR.
In addition, removal of three outliers presented with a correlation for paired data of
0.64, P<0.01.
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Figure 4.2: Bias plots for Trial IR and Trial DM showing the relationship between bias in CHO measurement and in mean intake
of CHO
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No other significant trends in bias with intake were observed and, therefore, bias
plots for energy and macronutrients in both trials are not shown. Bias plots also
showed good agreement between the DH and the FR for the measurement of energy
and all macronutrients with almost all cases falling between the limits of agreement.
Low precision was shown for the measurement of energy, fat and SFA measurement
in Trial IR. Similar results were found for energy and SFA in Trial DM.
Table 4.5 shows the classification of cases for all dietary variables into quartiles of
intake. Cases falling into the same quartile for DH and FR ranged from 31% to 59%
in Trial IR and 24% to 70% in Trial DM. Large numbers of cases in both trials fell in
adjacent quartiles and one quartile apart. There were few cases that were grossly
misclassified in Trial IR for fat, MUFA, PUFA. In Trial DM there were larger numbers
of cases who were grossly misclassified with the DH and FR for EI, protein, CHO,
MUFA, PUFA and SFA. PUFA showed that 13% of cases were grossly misclassified
with the DH and FR. The DH and FR, in this case, are not similar in terms of ranking
individuals according to their PUFA intake. This may be due to the ubiquitous nature
of PUFA in foods, which then may not be measured similarly as part of the habitual
diet compared to actual intake on few days of recording. This approach has been
criticized by some who feel that there is too much error in placing individuals in
percentiles since small differences can result in individuals being placed in adjacent
quartiles (109, 537). Therefore, it was felt that the examination of adjacent quartiles
and one quartile apart was warranted. In saying this, since the aim of the intervention
was not to rank individuals into high or low intakes, the purpose of this analysis was
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to emphasize the degree of gross misclassification in DH and FR measurements, a
phenomenon, which was found to be low in both sample groups.
Table 4.5: Percent cases in same, adjacent and opposite quartiles for DH and FR intake in Trial IR and Trial DM
Trial IR
Variable
Energy (kJ)
% Protein
% CHO
% Fat
% Alcohol
% MUFA
% PUFA
% SFA
Mean

Trial DM

Same (%)

Adjacent or
one apart (%)

Opposite (%)

Same (%)

Adjacent or
one apart (%)

Opposite (%)

31
40
51
49
46
37
46
46
43

69
60
49
49
54
57
52
54
55

0
0
0
2
0
6
2
0
2

32
32
35
44
70
26
32
24
37

63
63
39
56
30
65
56
67
55

5
5
6
0
0
9
13
9
6

4.3.3. Bias and accuracy during the intervention
Table 4 illustrates the mean bias and SDdiff for macronutrient and energy intakes at
all data collection points in both trials. Data for MUFA, PUFA and SFA obtained in the
first month in Trial IR were not available. Similarly, data from the second and third
months for protein, CHO and alcohol were also unavailable. The residuals from the
repeated measures ANCOVA were found not to differ significantly from normality.
The assumption of homogeneity of variance appeared valid. Therefore, no
transformation of the response variable was required for this analysis.

Bias magnitudes did not change with time in either trial (Table 4.5). The values for
the SDdiff were large for all macronutrient and energy intakes, indicating considerable
within-person variation in measurements made with the DH and the FR.

Large

variability in bias for alcohol measurement was evident at all data collection points
and for PUFA measurement at baseline in both trials. Bias, averaged over all time
points and in all subjects, for energy, fat, alcohol, MUFA and SFA intake
measurement indicated an underestimation by the DH relative to the FR in Trial IR in
both intervention and control groups. Bias was similar in direction in Trial DM for all
dietary variables apart from that of MUFA, which was overestimated by the DH in
Trial DM when averaged over all time points in both intervention and control groups.
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There was no trend in bias for fat measurement over time. Mean bias was then
averaged over all time points. Overall bias in the two trials indicated an
underestimation of fat intake by the DH relative to the FR. Bias in measuring fat
intake was also found to be significantly greater, in males (P<0.01) and in the control
groups (P<0.05) when the subjects from the two trials were combined (Table 4). Bias
was negative in both males and females for fat intake indicating an overall
underestimation of fat intake by the DH regardless of sex. Despite a significant
interaction between trial and group (P<0.05), fat was underestimated by all subjects
regardless of group in both trials. Bias was also found to be significantly different
between Trial IR and Trial DM for measuring % MUFA intake (P<0.05). The bias was
significantly greater in Trial DM and indicated an overestimation by the DH relative to
the FR, while the bias in Trial IR was significantly smaller and negative
(underestimation by the DH).
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Table 4.6. Mean (SDdiff) of the bias calculation (DH-FR) for energy and nutrient intake for all data collection points in Trial IR and Trial DM

Variable
Energy (kJ)
Intervention
Control
All
% Protein
Intervention
Control
All
% CHO
Intervention
Control
All
b
% Fat
Intervention
Control
All
% Alcohol
Intervention
Control
All
c
% MUFA
Intervention
Control
All
% PUFA
Intervention
Control
All
d
% SFA
Intervention
Control
All
a
b

Trial IR (DH-FR)
Time 2

Baseline

Time 1

-969.67 (1560.03)
-898.24 (2197.24)
-934.97 (1868.18)

-753.61 (1431.34)
-519.24 (1184.54)
-639.77 (1303.38)

0.56 (3.07)
0.59 (2.42)
0.57 (2.74)

-0.17 (2.62)
0.00 (2.21)
-0.09 (2.40)

-

2.67 (4.82)
0.94 (5.36)
1.83 (5.09)

2.89 (4.95)
1.06 (2.86)
2.00 (4.12)

-

-2.39 (6.12)
-0.82 (5.49)
-1.63 (5.79)

-2.67 (4.91)
-0.71 (3.24)
1.71 (4.25)

-1.11 (4.90)
-0.65 (3.16)
-0.89 (4.09)

-0.28 (4.61)
-0.41 (1.70)
-0.34 (3.46)

-818.28 (1505.15)
-517.29 (1485.93)
-672.09 (1481.58)

0.39 (6.11)
-0.82 (4.71)
-0.20 (5.43)

a

Trial DM (DH-FR)
Time 2

Time 3

Baseline

Time 1

-745.39 (2272.00)
-896.24 (1642.12)
-818.66 (1963.62)

-477.08 (2192.99)
-27.61 (1727.23)
-244.02 (1959.51)

67.04 (1999.31)
73.97 (1857.04)
70.14 (1914.96)

-1354.58 (2059.30)
46.60 (4120.23)
-794.10 (3084.41)

-382.49 (1325.06)
-232.21 (908.35)
-317.50 (1151.06)

-

1.70 (4.11)
-0.52 (3.33)
0.55 (3.86)

0.24 (4.22)
-0.21 (3.65)
0.03 (3.93)

1.01 (4.14)
0.37 (3.97)
0.74 (4.03)

0.33 (5.25)
-5.67 (2.86)
0.06 (4.35)

-

-0.42 (6.13)
2.03 (6.74)
0.86 (6.51)

1.23 (7.50)
-1.50 (8.44)
0.02 (7.97)

1.60 (5.11)
-0.37 (5.72)
0.75 (5.40)

1.09 (5.10)
-0.29 (5.83)
0.49 (5.39)

-1.49 (6.42)
-0.32 (6.45)
-0.88 (6.40)

-3.01 (6.48)
2.33 (8.10)
-0.56 (7.67)

-1.25 (6.65)
-0.49 (7.49)
-0.92 (6.94)

-2.39 (5.15)
1.14 (6.04)
-0.86 (5.75)

0.13 (3.99)
-0.52 (3.28)
-0.20 (3.62)

1.49 (4.93)
-0.42 (1.84)
0.61 (3.92)

-1.38 (5.55)
0.51 (3.08)
-0.62 (4.77)

0.89 (4.54)
-0.20 (1.30)
0.42 (3.53)

-0.61 (4.19)
-1.12 (4.06)
-0.86 (4.07)

-

-

Time 3

-0.94 (4.90)
-0.02 (7.51)
-0.49 (6.23)

-

-1.67 (5.05)
0.59 (3.24)
-0.57 (4.36)

-0.78 (2.71)
-2.71 (12.24)
-1.71 (8.67)

0.69 (4.81)
1.14 (7.86)
0.93 (6.51)

0.96 (4.41)
3.23 (4.31)
1.99 (4.47)

2.22 (4.23)
3.78 (4.74)
2.89 (4.47)

3.12 (3.32)
3.34 (4.75)
3.22 (3.95)

2.06 (5.96)
5.31 (13.17)
3.63 (10.10)

-

-0.11 (3.80)
0.18 (2.90)
0.03 (3.34)

0.78 (2.86)
-0.76 (2.93)
0.03 (2.96)

0.13 (6.20)
1.33 (6.96)
0.75 (6.57)

2.16 (5.48)
1.60 (5.32)
1.90 (5.36)

1.13 (4.57)
2.53 (3.53)
1.73 (4.17)

1.34 (4.66)
0.68 (3.45)
1.06 (4.14)

-2.33 (5.41)
1.63 (9.16)
-0.67 (7.36)

-

0.50 (5.37)
-1.00 (2.24)
-0.23 (4.17)

-0.11 (3.82)
1.41 (7.07)
0.63 (5.61)

-0.91 (7.33)
-1.99 (9.79)
-1.47 (8.63)

-2.60 (6.09)
-5.06 (7.92)
-3.94 (7.01)

-3.35 5.82
-6.34 5.76
-4.59 5.92

-4.47 (5.77)
-4.09 (5.30)
-4.31 (5.51)

Repeated measures ANCOVA

c

Bias significantly different between Trial IR and Trial DM at P<0.05

Significant interaction between trial and group at P<0.05. Bias significantly greater for males

d

Bias affected by BMI in combined trial populations at P<0.01

than females in combined trial populations at P<0.01. Bias significantly greater in the control group

- Indicates data not available and therefore not presented

in combined trial populations P<0.05
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Figure 4.3: Plot showing the effect of BMI on mean bias for % SFA intake as averaged over all available data collection points in
subjects from both trials
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In the combined sample, bias in % SFA intake decreased significantly with increasing
BMI and reached zero at a BMI of 25kg/m2 (Figure 4.3). Bias then increased in the
negative direction. Those within the healthy weight range, between 20kg/m2 and
25kg/m2, overestimated intakes of SFA with the DH relative to the FR. Overweight
and obese subjects (BMI>25kg/m2 and BMI>30kg/m2 respectively) underestimated
saturated fat intake with the DH. Overall, the correlation between the DH and the FR
was r=-0.38 (P<0.01).

Accuracy was consistent with time for all dietary variables within each trial, however,
most presented with a significant interaction term for one or more factors (Table 4.7).
Post hoc analyses revealed patterns in accuracy relative to the factors included in the
analyses. The accuracy of protein intake reports was shown to be poorer in the
intervention groups regardless of which trial the data came from. In addition, the
accuracy of protein reports was also poorer in Trial DM. Protein intake reports were
also seen to decrease in accuracy with increasing age. CHO intake reports were
more accurate in females, and the poor reports from males were shown to be due to
those in the intervention groups in both trials. CHO accuracy improved with time in
Trial IR, but decreased from baseline to Time 1 in Trial DM. Accuracy then returned
to baseline levels by Time 3 in Trial DM.
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Table 4.7. Means and SDs of the absolute difference between the DH and the FR for dietary variables in Trial IR and Trial DM

Energy (kJ)
Intervention
Control
All
a
% Protein
Intervention
Control
All
b
% CHO
Intervention
Control
All
c
% Fat
Intervention
Control
All
% Alcohol
Intervention
Control
All
d
% MUFA
Intervention
Control
All
e
% PUFA
Intervention
Control
All
f
% SFA
Intervention
Control
All
a

b

Trial IR |DH-FR|
Time 2

Baseline

Time 1

1686.00 ± 1541.18
1470.94 ± 1143.77
1581.54 ± 1347.27

1098.67 ± 620.28
1265.06 ± 1018.90
1179.49 ± 829.47

1.89 ± 1.53
2.47 ± 1.91
2.17 ± 1.72

Trial DM |DH-FR|
Time 1
Time 2

Time 3

Baseline

1331.44 ± 1102.28
1221.71 ± 884.02
1278.14 ± 989.48

1399.28 ± 1126.87
1288.82 ± 2083.96
1345.63 ± 1637.61

1350.96 ± 1044.71
1829.55 ± 1250.90
1581.39 ± 1162.91

1490.44 ± 1061.67
1674.92 ± 1041.32
1590.36 ± 1043.56

3168.34 ± 2504.19
1720.31 ± 1728.27
2299.52 ± 2165.54

698.55 ± 601.76
1119.35 ± 770.60
937.38 ± 724.87

1.44 ± 1.54
1.94 ± 1.82
1.69 ± 1.68

-

-

2.58 ± 2.12
3.58 ± 2.56
3.06 ± 2.37

2.88 ±2.16
3.37 ± 2.46
3.15 ± 2.31

3.20 ± 2.26
3.42 ± 2.44
3.33 ± 2.34

2.20 ± 1.83
3.68 ± 3.67
3.04 ± 3.07

4.56 ± 3.11
4.24 ± 3.11
4.40 ± 3.07

2.28 ± 1.96
4.18 ± 4.03
3.20 ± 3.24

-

-

5.88 ± 3.74
4.14 ± 4.47
5.04 ± 4.16

6.80 ± 5.02
6.48 ± 3.76
6.63 ± 4.33

4.46 ± 3.44
4.35 ± 3.00
4.40 ± 3.16

4.71 ± 3.23
3.91 ± 3.36
4.25 ± 3.28

4.68 ± 2.50
5.12 ± 4.23
4.89 ± 3.42

2.78 ± 1.63
4.00 ± 4.05
3.37 ± 3.07

3.72 ± 2.82
4.65 ± 4.08
4.17 ± 3.47

2.78 ± 2.94
2.94 ± 3.13
2.86 ± 2.99

5.30 ± 3.55
4.89 ± 4.33
5.10 ± 3.91

6.56 ± 5.11
5.91 ± 3.87
6.21 ± 4.45

5.35 ± 5.12
5.70 ± 3.45
5.55 ± 4.19

5.25 ± 2.90
3.87 ± 4.11
4.47 ± 3.65

2.39 ± 2.17
3.18 ± 3.89
2.77 ± 3.11

1.00 ± 1.37
3.06 ± 3.56
2.00 ± 2.82

-

-

1.41 ± 3.00
1.84 ± 3.51
1.61 ± 3.24

0.98 ± 1.60
2.22 ± 4.56
1.65 ± 3.55

1.77 ± 2.54
2.91 ± 4.90
2.46 ± 4.11

.058 ± 1.17
2.11 ±4.09
1.45 ± 3.24

3.78 ± 2.39
6.35 ± 3.14
3.71 ± 2.74

-

2.56 ± 1.89
3.88 ± 3.74
3.20 ± 2.97

6.61 ± 10.13
2.06 ± 1.85
4.40 ± 7.63

6.24 ± 4.73
4.01 ± 2.63
5.17 ± 3.99

4.48 ± 2.90
3.74 ± 2.43
4.08 ± 2.65

4.45 ± 4.08
3.74 ± 2.43
4.03 ± 3.19

3.63 ± 4.53
3.44 ± 2.98
3.52 ± 3.67

2.61 ± 1.94
4.82 ± 3.94
3.69 ± 3.23

-

1.94 ± 1.98
3.29 ± 1.96
2.60 ± 2.06

2.22 ± 1.86
2.29 ± 1.93
2.26 ± 1.87

5.77 ± 4.24
4.21 ± 4.47
5.02 ± 4.38

4.70 ± 2.88
4.48 ± 3.74
4.56 ± 3.34

3.59 ± 2.37
3.94 ± 2.46
3.79 ± 2.40

2.78 ± 2.04
3.6 ± 3.16
3.25 ± 2.73

3.61 ± 2.87
5.35 ± 3.22
4.56 ± 3.13

-

1.83 ± 1.54
4.53 ± 2.98
3.14 ± 2.69

5.06 ± 5.06
3.00 ± 2.42
4.06 ± 4.08

8.14 ± 6.35
6.33 ± 3.60
7.27 ± 5.25

7.70 ± 4.66
5.09 ± 4.42
6.41 ± 4.67

6.67 ± 5.13
5.46 ± 3.81
5.98 ± 4.41

5.01 ± 4.10
5.54 ± 4.69
5.31 ± 4.40

|DH-FR| was greater in the intervention groups at P<0.01 regardless of trial, |DH-FR| was

c

greater in Trial DM at P<0.01, |DH-FR| increased with increasing age at P<0.05

d

Time 3

|DH-FR| was greater in Trial DM at P<0.01
Interaction between time and age significant at P<0.05

Interaction between sex and group (intervention or control) significant at P<0.05, interaction

e

Interaction between time and sex significant at P<0.05

between time and trial significant at

f

Interaction between time, group (intervention or control) and trial significant at P<0.05

P<0.05

There was a significant interaction between time and age for accuracy of MUFA
intake reports. It was shown that at baseline the accuracy decreased with increasing
age, but this then stabilized at Time 2 and 3. However, at Time 2 and Time 3
accuracy was not as good as at baseline and this was consistent across the range of
ages. PUFA intake reports were more consistent in females over time, but overall
accuracy was not as good as in males who improved their accuracy in PUFA
reporting with time. There was a significant interaction between time, trial and group
for the accuracy of SFA reporting. In the intervention groups accuracy improved with
time in Trial DM, but improved initially and then relapsed in Trial IR. In control groups
accuracy was consistent over time in both trials, but overall accuracy in SFA reports
was better in Trial IR.

4.3.4. Plausibility EI data
Group EI:BMR was calculated at 1.29 for the DH and 1.44 for the FR at baseline,
1.17 for the DH and 1.17 for the FR at Time 1, 1.25 for the DH and 1.33 for the FR at
Time 2 and 1.24 for the DH and 1.37 for the FR at Time 3 in Trial IR. At all time
points the group were underestimating EI in Trial IR. In Trial DM, group EI:BMR was
1.08 for the DH and 1.11 for the FR at baseline, 1.04 for the DH and 1.02 for the FR
at Time 1, 0.98 for the DH and 1.13 for the FR at Time 2 and 0.98 for the DH and
1.01 for the FR at Time 3. At all time points the group was underestimating EI in Trial
DM.

There were seven underreporters identified by EI:BMR with the DH and two with the
FR in Trial IR at baseline. There were 36 individuals underreporting EI with the DH
and 24 with the FR in Trial DM at baseline. The logistic regression analysis revealed
that there was significantly greater number of individuals underreporting in Trial DM
compared to Trial IR. In addition, BMI and age were shown to be significant
predictors of underreporting and the difference in degree of underreporting between
the trials was due to differences in age and BMI between the two sample groups from
each trial.
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4.3.5. Responsiveness
Calculations of the intervention effect for MUFA intake are shown in Table 4.8. The
change in MUFA intake was significantly greater in Trial IR than in Trial DM at both
three months and at 12 months (P<0.01). The change in MUFA intake in the
intervention group in Trial DM was greater than the changes observed in the control
group but these differences were not large. In fact, Trial IR showed over a 50%
increase in MUFA intake in the intervention group, while Trial DM increased their
intake by 15% by three months and 20% by the end of the trial. In both trials, the DH
was more responsive to changes in MUFA intake than the FR after an elapsed time
of 3 months, but this was not the case in Trial DM as was shown in Chapter 3. The
responsiveness factors were larger in Trial IR due to the larger observed intervention
effects seen in this trial.
Table 4.8. Change over time within groups, intervention factors and responsiveness factors calculated for Trial IR at three
months and Trial DM at three months and at 12 months.
Trial IR

Intervention
Baseline
After Time
Change
Control
Baseline
After Time
Change
Intervention
Responsiveness

Trial DM

DH
Time 3

FR
Time 3

DH
Time 1

FR
Time 1

DH
Time 3

FR
Time 3

37.44 ± 3.24
57.11 ± 8.86
ab
-19.67 ± 9.37

38.78 ± 3.34
59.83 ± 5.29
cdn
-21.06 ± 6.42

42.17 ± 4.83
48.32 ± 4.32
a
-6.18 ± 5.82

40.67 ± 5.4
45.10 ± 4.25
co
-4.55 ± 6.58

42.17 ± 4.83
50.74 ± 4.89
b
-8.78 ± 4.75

40.67 ± 5.40
47.97 ± 5.54
d
-7.05 ± 7.48

42.50 ± 5.92
44.35 ± 3.90
e
-2.7 ± 5.31
i
-3.48 ± 7.94
0.44

42.34 ± 5.00
43.39 ± 4.33
go
-1.79 ± 6.06
k
-2.76 ± 8.95
0.31

42.50 ± 5.92
45.95 ± 4.31
f
-4.31 ± 5.40
j
-4.47 ± 7.19
0.62

42.34 ± 5.00
42.47 ± 4.57
h
-0.67 ± 4.80
l
-6.38 ± 8.77
0.73

38.94 ± 4.34
35.47 ± 2.70
ef
2.71 ± 5.03
Ij
-23.77 ± 8.16
2.9

38.82 ± 4.99
36.11 ± 2.42
gh n
3.47 ± 4.81
k l
-23.14 ± 10.53
2.2

Note: Time 3 denotes three months in Trial IR, Time 1 denotes three months and Time 3 denotes 12 months in Trial DM
a-n
o

Significantly different at P<.01
Significantly different at P<.05

Note: numbers with the same superscript are significantly different
a-l

Denotes significance differences between trial 1 and trial 2

m-o

Denotes significant differences between the intervention and control groups within trials

4.4. Discussion
In Chapter 3 where the relative validity of the open-ended DH was examined in
isolation in a group with T2DM, the performance of the method appeared reasonable.
However, when compared to the same DH used in a different population without
T2DM in a more intense trial, the performance in the T2DM group was not as good. It
appears that in the present study that the DH does not perform as well relative to the
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three-day FR in people with T2DM as it does in healthy individuals. Despite evidence
in the literature supporting the biases present in reports made by overweight
individuals (192, 193, 205, 216, 218, 222, 224, 350, 359-361), it seems that
combining weight and diabetes to some extent has a negative effect on reporting
accuracy. The degree of underreporting of EI was shown to be much greater in Trial
DM than in Trial IR, in which the larger BMI and higher age range were large
contributors to the difference. Whether health status was also involved is only
conjecture. It was not possible to ascertain whether health status was involved, but
the logistic regression did reveal a difference between the sample groups
independent of BMI and age, which may be attributed to their health status.
Nevertheless, underreporting of EI by the DH is consistent with findings from some
doubly labeled water (189, 217, 221) and UN studies (207, 248, 488). The contextual
nature of the comparison also allowed for the comparison between stages of the trial
– baseline, middle and termination. This meant that the comparison between the time
points, although not equidistant from each other was valid in this sense. The results
must be considered within this context.

The significant differences in mean EIs measured with the DH and the FR in Trial IR
did not translate to the individual level. A possible interpretation is that, while the DH
and the FR were essentially measuring similar quantities, their relative difference was
sufficiently consistent at the group level to yield significantly different means. This
could also be indicative of low precision in the measurement of EI, as indicated by
the large SDdiff (separation of limits of agreement) in Trial IR. In both trials the data
from the DH and FR appeared to be linearly associated. However, the failure to show
a linear relationship for MUFA, PUFA and SFA intakes in Trial DM was not
necessarily problematic as cases were found to be within the 95% confidence
intervals in their respective bias plots and correlation coefficients improved upon
removal of outliers. In addition, the ratio of SDdiff to SDmean for most variables was
above 1.00 indicating that the range of intakes was lower than the within-person
variability. This results in attenuation of the correlation coefficient due to low
between-person variation in intakes (333). This ratio is able to inform on the
underestimation of the correlation coefficient by examining the range of intakes in
relation to within-person variation when actual variance ratios cannot be calculated
as was the case in the present study.
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No significant trends in bias were evident in the bias plots (332) apart from CHO
intake in Trial IR. High CHO consumers tended to underestimate their intake in the
DH interview, which may be due to difficulty in remembering all foods containing
carbohydrate or, perhaps, underestimation of the amounts actually consumed at
such high CHO intakes. Interestingly the macronutrient that presented with the lowest
degree of discrepancy in both trials was MUFA, which was the nutrient of interest in
both trials. It is difficult to say whether subjects were better at reporting the MUFAcontaining foods that they were given or whether difficulties in blinding to the
intervention played a role in familiarities with MUFA-containing foods. Nevertheless,
good agreement was pleasing for this nutrient. Despite good agreement for MUFA
intake between the DH and FR in both trials, it was shown that the overall bias was
negative in Trial IR and positive in Trial DM. People with diabetes in the treatment
trial (Trial DM) may have reported intakes of MUFA, which were in line with the
intervention goals, but not reflected in their FRs. In contrast, the underestimation of
MUFA by the DH in the prevention trial (Trial IR) could have resulted from changes in
food intake during the recording period to resemble those of the program goals
(increase in MUFA), something that has been seen with FRs in the past (124).
Similarly, there were differences in the accuracy of protein intake reports between the
two trials. Trial IR presented with better accuracy than Trial DM. This may be due to
differences in the body size of the individuals participating in both trials. It has been
shown in the past that larger individuals underestimate their protein intake with both
DHs (220) and FRs (239). This may have been the case in the Trial DM subjects. In
addition, higher fat foods, which also contain protein e.g. milk, fatty meat, pies and
takeaway foods may have been omitted from reports in these subjects. It has also
been shown that discrepancies between dietary methods and UN are lowest when
within-person variation in the diet is low, since large variability is difficult to capture
(239). Since the range of intakes was large in Trial DM subjects, this further supports
the present findings.

Underreporting of fat intake by the DH relative to the FR was evident in both trials
and in both intervention and control groups and may reflect a social desirability to
report less fat in the interview (30, 369). Social desirability and social approval are
response variables that produce biases in a number of research contexts (343) and
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this has been largely supported by dietary measurement investigations (339-342,
345). Subjects may be reluctant to report fat-containing foods during the interview for
fear of social non-acceptance. The pronounced bias in fat reports from the control
group in Trial DM may have resulted from the low fat diets they were prescribed
during dietary counseling prior to the trial. Interestingly, it has been found that people
with diabetes tend to report intakes that are in line with their prescription diets
following dietary intervention (392, 393, 407). This may have been the case in Trial
DM where people in the control group reported intakes in their interviews that were in
line with their dietary prescription i.e. a low fat diet. Prescription-related reporting
could also explain the overestimation of MUFA intake relative to the FR in Trial DM.

There were also inconsistencies in accuracy of MUFA reports with increasing age
before the intervention but not during the intervention. A possible interpretation is the
difficulty with recall in older individuals (372), especially at the start of an intervention
when dietary assessment of this nature is not familiar. Stabilization over the course of
the trial may be a learned effect, but the drop in over all accuracy in MUFA reports
during the intervention for all ages meant that there was error associated with one or
both methods. Since the true validity of the FR was unknown it was not possible to
ascertain which method was responsible for the discrepancies during intervention.
Interestingly, males presented with better accuracy in PUFA reporting than females.
Since females are more prone to social approval biases than males (339, 529),
females may have been reluctant to report PUFA-containing foods in the interview.
Much of the negative association with added cooking oils and fat spreads may have
translated into underestimation of PUFA with the DH in females, which was not as
evident in males. Nevertheless, overall discrepancies between PUFA reports and
records resulted in the inability of the two methods to rank individuals similarly for
PUFA intake.

In the case of SFA, differences in bias were dependent on the individual’s body
fatness or BMI. Reporting of SFA intake improved in subjects who were within the
healthy weight range and then declined as subjects became fatter. SFA intake was
underestimated by the DH in overweight and obese individuals. Again, a social
desirability to report less fat (248, 339) may be reflected in a reduction in SFA
reporting in overweight and obese individuals i.e. a failure to accurately report SFA150

containing foods like cakes, biscuits, pies and takeaway foods for fear of social nonacceptance. Outliers contributed to the SDdiff, however, their removal from the
analysis only strengthened the negative relationship between bias and BMI in SFA
reports. This then supports the better accuracy for SFA reports in Trial IR when
compared to Trial DM where subjects were larger. Because bias is given as a mean
difference often the full magnitude of bias at the individual level is underestimated.
Measurement of variability in bias (for example, by SDdiff) may be more useful to
researchers in terms of bias at the individual level. In addition, the large within-person
variation reinforces examining the SDdiff in bias investigations as group means can
dilute between-person differences in bias. Large variability in bias can be indicative of
the need to consider the study context in adopting dietary assessment methods,
which minimize bias.

Greater recall times and lengthier periods between intake assessments in Trial DM
did not result in larger biases or larger increases in bias with time than those
observed in Trial IR. In fact, no changes were evident in bias magnitudes with time in
either trial. Overall bias in the DH measurement of energy, protein, CHO, fat, alcohol,
PUFA and SFA was also unaffected by contextual differences between the trials.
Large variability in bias was shown in all measures of intake, particularly with PUFA
measurement.

The wide range of PUFA-containing foods in the Australian food

supply may have caused the discrepancy between the measurement of actual intake
by the FR and usual intake by the DH, given the difficulty associated with recalling a
nutrient that has large variability in the diet (82). The magnitude of the variability in
measurement of alcohol in both trials was expected and has been reported in the
literature in the past (333, 538). Alcohol is often omitted from reports of dietary intake
causing lack of agreement between FR and DH (30). Variability in alcohol
measurement also results in poor intraclass correlation coefficients for DH
reproducibility (329).

It was evident that the intervention effects seen in Trial IR were greater than in Trial
DM. This was not surprising as Trial IR was of shorter duration and higher intensity
than Trial DM. This then translated into higher responsiveness factors for Trial IR.
Comparison between trials was not possible but within-trial comparison revealed that
at three months in both trials the FR was more responsive to the changes in MUFA
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intake than the DH. However after 12 months in Trial DM the situation was reversed.
This could be explained by either a loss of compliance in recording with the FR,
thereby not recording adequate change or perhaps, an overestimation of change
made with the DH in response to the intervention goals (342). Another possible
explanation could be a possible “learning effect” where subjects became more
familiar with DH recall over time thus improving reports beyond those of the FR.

A limitation of this study was the number of individuals who did not return FRs and
therefore data was not available to the author, hence the drop in numbers at the end
of Trial DM. In this instance, the statistical analyses used were robust enough to
compensate for missing data in individual cases.

4.5. Conclusion
This study showed that the DH performed differently in different groups undergoing
similar intervention protocols. The effect of health status is not clear, but the openended DH performed with greater accuracy in healthy individuals with insulin
resistance when compared to those with Type II diabetes, indicating that health
status may play a role in accuracy of self-report. In addition, the difference in intensity
of the trials may have played a role in lack of comparability in performance between
the two groups of Australian adults from the same region in NSW. More frequent
dietary monitoring may have been involved in improving results in participants of Trial
IR. This certainly supports the view that context is important when examining dietary
assessment methods and that issues associated with one group cannot be
extrapolated to another. The trial protocol was shown to affect reporting, which
highlights the importance of testing dietary methods while they are being used, to
determine the most real image of the method’s accuracy.
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5. Relative and biomarker-based validity of an interviewer-administered, openended diet history in hypercholesterolemic men and women participating in
dietary supplementation research

5.1. Introduction
In dietary intervention studies, dietary assessment methods, for the most part,
measure the delivery and effect of manipulations in nutrient intake. However,
ensuring the stability of background diet during experimental supplementation is also
very important. Good internal validity and reproducibility is a basic requirement,
especially at the individual level. In these instances, the ability of the instrument to
measure dietary change is on a par with its ability to measure when no change
occurs. Poor method performance may result in falsely generated measures of
dietary change or stability in the face of actual dietary change, both of which affect
research outcomes. In saying that, assessment of method performance should not
be overlooked.
Several investigators have remarked on the importance of using multiple assessment
methods in research (495, 498). Methods, which have different associated errors,
can compliment each other with respect to the measurement of nutrient intake. Given
that sample sizes are usually smaller and conditions more tightly controlled than in
population studies, the administration of at least two dietary methods may be better
facilitated in experimental studies. In addition, validation of the test method can be
executed as the trial progresses, provided there is sufficient evidence from previous
work that the test method is suited to the sample group. Placing too much faith in a
reference method which, in itself, is prone to certain biases, may elicit false negative
results. Biological samples collected throughout the trial facilitate external validation
when used as objective markers of dietary intake (23, 62, 539) and can confirm or
refute the assumed accuracy of the reference methods used for validation. In smaller
studies where time and funding are often limited, incorporation of validation into the
experimental procedure (internal performance study) can be of real significance in
ensuring that both dietary data and research outcomes are well-founded (90).
This chapter reports on the performance of a structured DH administered during a
prospective cross-over supplementation trial. Two reference methods were used
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together with biological samples taken in accordance with the trial protocol.
Investigators were interested in maintaining macronutrient profiles throughout the trial
following the introduction of one test food in addition to supplementation. Although
the stability of macronutrient intakes will not be addressed in this thesis, the ability of
the DH to provide sound estimates of energy and macronutrient intake in this context
is dealt with in depth.
The aim of this study was to examine the performance of a DH used in a dietary
supplementation trial drawing on 1) relative comparisons with weighed FRs and
multiple 24Rs and 2) criterion comparisons with objective measures of dietary intake.
It is hypothesised that the DH is able to provide good estimates of usual energy and
macronutrient intakes in this sample of free-living middle-aged to older Australian
adults volunteering for a dietary supplementation trial.

5.2. Methods
5.2.1. Study context
The supplementation study referred to in this chapter aimed to reduce both LDLcholesterol and triglycerides in men and women at risk of cardiovascular disease
through supplementation with both 22:6n-3 (Docosahexanoic acid or DHA) and soy
isoflavone. Supplementation with long chain n-3 fatty acids
resulted in reductions in

like 22:6n-3 have

triglyceride levels, but not LDL-cholesterol in men and

women at risk for cardiovascular disease (540) while soy isoflavone has been shown
to reduce LDL-cholesterol in free-living hypercholesterolemic subjects (541). It was
hypothesised by Leisa Ridges (LR), as part of a PhD program, that 22:6n-3 and soy
isoflavone may have a combined positive effect on serum lipid profiles in
hypercholesterolemic, hypertriglyceridemic men and women.
The study was conducted from May to October 2001 through the Smart Foods
Centre and the Department of Biomedical Science at the University of Wollongong
and was approved by the University of Wollongong’s Human Research Ethics
Committee. Three PhD students worked to bring three aspects of the trial together.
LR investigated the effects of the intervention on cardiovascular outcomes i.e. serum
lipids, blood pressure, arterial compliance and inflammation markers. Theresa Larkin
(TL) investigated the excretion of isoflavones and Gina Martin (GM) measured and
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validated self-reported dietary intakes over the course of the trial. Subjects were
recruited by LR through radio, television and print commercials during the months of
April and May 2001. All those interested in participating were screened over the
phone for eligibility. Those who had been diagnosed by their doctor with
hypercholesterolemia, but were not yet taking medication for the condition were
invited to attend the clinic for a blood sample. Individuals were excluded if they were
taking cholesterol-lowering medication, had either Type I or Type II diabetes mellitus,
were pre- or peri-menopausal (women) or drank more than five standard drinks a
day. Men and women considered eligible then attended the University’s clinic to
provide a blood sample for screening. Blood samples were then analysed by LR for
both cholesterol and triglyceride levels. Those with cholesterol levels above 6.0
mmol/L and triglycerides above 2 mmol/L, who had provided written consent and
been granted permission by their doctor to participate were then invited to attend an
information evening where they were informed of the research timeline.
The study followed a double blind randomised crossover design and subjects were
randomly assigned to one of four groups. Group 1 received 22:6n-3-enriched oil in
capsule form (366mg/g 22:6n-3, DHA-Gold Oil, Omega Tech, Boulder Colorado,
USA) and a cereal containing 60mg isoflavones per 45g serve (intervention cereal)
(Specialty Cereals Pty Ltd, NSW, Australia). At six weeks, they changed to a similar
cereal containing no isoflavones (control cereal) (Specialty Cereals Pty Ltd, NSW,
Australia) while still taking the 22:6n-3-enriched oil. Group 2 received 22:6n-3enriched oil capsules and the control cereal then changed to the intervention cereal
after six weeks. Group 3 received olive oil capsules (control capsule) and the
intervention cereal, which then changed to the control cereal after six weeks and
Group 4, also taking olive oil capsules were to consume the control cereal first and
change to the intervention cereal at six weeks. The groups were so named after trial
completion as investigators were blinded to the interventions the subjects were
receiving. All subjects were to take six capsules (1.2g oil per capsule) and consume
one portion-controlled packet (45g) of cereal each day. The fatty acid profiles of both
22:6n-3-enriched and olive oil capsules are shown in Table 5.1. Subjects on the
22:6n-3-enriched oil were receiving up to 2.7g 22:6n-3 per day in capsule form.
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Table 5.1: Fatty acid composition of DHA-Gold and olive oil capsules per 1.2 g capsule
DHA-Gold

Olive Oil

16:0 (mg/g)

229

110

18:1 (mg/g)

0

720

20:5n-3 (mg/g)

10

0

22:5n-3 (mg/g)

135

0

22:6n-3 (mg/g)

366

0

Subjects saw the dietitian (GM) at the clinic in the week prior to the start of the study
(Figure 5.1). She conducted a dietary interview to assess habitual dietary intake with
a six week recall. The subjects were also instructed on keeping a three-day weighed
FR, which was to be completed before the study commenced. The measured
habitual intake provided the dietitian with a guide to usual eating patterns and a
platform on which dietary advice was to be based.
Figure 5.1: Timeline for dietary supplementation trial

3X24R every 10 days on average

Screening

DH1

FR

Clinic Day 1&2
Arterial compliance
Blood sample
Blood pressure monitor
Urine collection
Dietary advice

FR

6 weeks

3X24R every 10 days on average

Clinic Day 3&4
Arterial compliance
Blood sample
Blood pressure monitor
Urine collection
DH2

FR

Clinic Day 5&6
Arterial compliance
Blood sample
Blood pressure monitor
Urine collection
DH3

6 weeks

5.2.2. Clinic visits
All visits to the metabolic unit took place in the morning on two consecutive days
every six weeks for 3 months (Figure 5.1). On the first day, fasting blood samples
were taken and arterial compliance was measured by LR. Subjects were also
instructed as to the provision of a 24-hour urine sample and were given 2L containers
containing 1g ascorbic acid for preservation of the isoflavone content. The time of
their first collection was to be written on the bottle. They were also required to wear a
blood pressure monitor for 24-hours, which was to be returned the following day. On
the second day, subjects returned to the unit where fasting blood samples were
taken and blood pressure monitors were collected by LR. Subjects were required to
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empty their bladders and the time was recorded on the bottle. The urine samples
were then collected.
The dietitian provided guidance on incorporating the cereal into the diet to avoid
changing usual dietary patterns. They were given a summary of their diet and
instructed to maintain their current dietary habits, paying particular attention to their
cooking oils, dressings, milk, bread and spreads. They were also instructed to keep
their fish, seafood and nut intake the same throughout the duration of the trial. Given
that the investigators were concerned with measuring the stability of the background
diet and not the introduction of respondent bias in dietary assessment, the dietitian
felt that informing the subjects of the foods that were important for a successful trial
outcome was justified. Seasonal variation was discussed and negotiated with each
subject, since the trial was to run for three months over autumn, winter and spring,
depending on when each subject commenced the intervention. The baseline FRs
were collected and checked by the dietitian. They were also given the dates on which
they were to commence their second FR, which was to be completed before their six
week clinic visit. LR gave subjects a six week supply of capsules and cereal (in 45g
packs) to take home and instructed them to return any capsules or cereal not
consumed for the purposes of checking compliance.
After six weeks subjects returned to the unit for their second visit where fasting blood
samples were taken, arterial compliance was measured, blood pressure monitors
were fitted and urine containers dispensed by LR. They then met with the dietitian
who conducted a second interview in which they reported on their intake over the first
six weeks of the intervention. FRs, remaining capsules and remaining cereal portions
were collected and checked. Subjects returned the following day to hand over their
urine collections, blood pressure monitors and to give a fasting blood sample. LR
dispensed capsules and cereal for the final six weeks of the intervention.
The same procedure was followed at the third and final visit to the clinic. Subjects
met with the dietitian who conducted a third interview, which assessed intake over
the final six weeks of the intervention. A capsule count was done by LR and FRs
were collected and checked by the dietitian. Subjects then returned the following day
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to return their urine collections, blood pressure monitors and to give a final blood
sample.
During the two six week periods following the first and second visits to the clinic the
dietitian performed three telephone-administered 24Rs. She used these phone calls
as an opportunity to keep in regular contact with subjects, to provide encouragement,
to address tolerance problems with the capsules and cereal and to remind the
subjects to complete the FR before their next clinic visit.

5.2.3. Dietary interviews
Dietary interviews were conducted before the start of the intervention and at six and
twelve weeks of the trial. At the first dietary interview (DH1) each subject was
explained the importance of maintaining a similar diet over the course of the study.
They were also told about the DH interview and what information the dietitian was
looking for. At each dietary interview weight, height and body composition were
measured as in 2.1.1, 2.1.2 and 2.1.3, respectively. A structured DH was
administered in a closed interview room as in 2.2.1.2, which took 1-1.5 hours to
complete. Self-reported physical activity levels were assessed by asking the subject
how active they were on a normal day in addition to any regular leisure time exercise
currently undertaken. The dietitian and the subject then agreed on an appropriate
sex-specific PAL, which was based on the WHO criteria for daily activity expressed
as multiples of BMR (542). In addition, questions were asked regarding their
education, current occupation, economic status and marital status. Subjects were
then instructed on keeping a three-day weighed FR, which was to be returned at their
next visit. The protocol for DHs administered at six weeks (DH2) and at the end of
the trial (DH3) was the same as for DH1.

5.2.4. Food records
Three-day weighed FRs were to be kept before the intervention (FR1) and in the
weeks before both the second visit at six weeks (FR2) and the final visit at 12 weeks
(FR3) as in 2.2.2.1. Although it is recommended to use more days of sampling with
food recording, it has also been shown that compliance in longer records wanes as
the record progresses. It was for this reason that the 3-day weighed FR was chosen
for this study. While the subject burden of the record was decreased by using fewer
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days of sampling, the weighed aspect of the record ensured some accuracy of
results. Moreover, from experience with 7-day FRs in the past (38) , it was feared
that respondents might alter their eating patterns during the FR or, perhaps, record
less of their intake as they may become frustrated with weighing and recording in
addition to the high intervention burden. At the first dietary interview, the dietitian
emphasised the importance of recording the brand names of oils, spreads, milk and
bread, consumed during the trial. Subjects were reminded about the date of
commencement of their next recording period during telephone calls from the
dietitian during each intervention period.

5.2.5. 24-hour recalls
A total of six telephone-administered 24Rs, three in each intervention period with 1-2
weeks between repeat administrations, were conducted during the trial as in 2.2.3.
Although subjects were aware that the dietitian would call at least once, the calls
were unannounced. All three calls were made before the FR commenced to eliminate
possible effects of recording and to avoid subjects recording on the same day as the
recall. Subjects were encouraged to discuss any problems they were having with the
incorporation of the test foods and the dietitian provided suggestions as to how these
may be overcome. They were also reminded during the last call for the period when
they should commence their FR.

5.2.6. Dietary data coding
Dietary data were coded by the dietitian as in 2.2.4 using FoodWorks Nutrient
Analysis Software (531). Data for each case had to be analysed twice, once in the
current Australian food composition databases AUSNUT (509) and NUTTAB 95
(510) for macronutrient composition and once in an Australian fatty acid database
(RMIT, Melbourne, 2002), which at the time of analysis was not linked to the
Australian food composition tables. This was done for all dietary assessment
methods at each time point in the trial. Recipes were generated for complex dishes if
they could not be found in the composition tables. This was also the case when
recipes were supplied by the subjects.
Foods missing from the databases were either sourced from the packages or
manufacturers or obtained from the USDA Nutrient Database (543), the latter only if
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appropriate. Given, the interest in dietary fat, recipes were generated for both simple
and complex dishes where fat was likely to be used in preparation even if a generic
dish was found in the composition tables. Since each subject combined different
sources of fat in their cooking in some cases recipes for all subjects were created for
commonly consumed dishes. For example, nearly all subjects consumed mashed
potato made with milk and margarine or butter. Recipes were generated for each
subject incorporating the specific margarines or butter as well as the milk they used
in their mashed potato. This was also done for cakes, desserts, sauces, homemade
salad dressings, biscuits, savoury side dishes, quiches, pies and scrambled eggs.
Where foods were fried using particular fats and oils, a recipe was created rather
than using generic fried dishes present in the composition tables.
Since these subjects had been told previously by their doctor that they had high
blood cholesterol levels, many were using oils, other than regular vegetable oil, which
they had been told were beneficial for their cholesterol levels i.e. olive oil and canola
oil as well as margarines made from these oils and plant sterol-containing variants.
This was important for an accurate determination of fatty acid intake and the dietitian
made sure that wherever subjects prepared foods using oils and fat, a specific recipe
was created with the variants they were using. Since the fatty acid database for use
in Australia has only 1000 foods, many margarine variants were unavailable. For the
purposes of accuracy, these were sourced from manufacturers and their laboratories.
The fatty acid composition of chicken was not in the fatty acid database. Given that
chicken is widely consumed by Australians (NNS) having this food missing from the
fatty acid database was not ideal. The fatty acid composition of chicken tissues was
likely to be different between the USA and Australia and could not be sourced from
the US data. The dietitian obtained this data from the Food Standards Authority for
Australia and New Zealand (FSANZ) (544).
Where recipes were created using the AUSNUT and NUTTAB 95 databases, these
had to be repeated in the fatty acid database and given the limited choices of foods,
often recipe ingredients were not available. The dietitian sourced similar but
appropriate foods from US data. This was necessary even if foods contained very
little fat as without these foods recipes could not be generated using the same
proportions of ingredients as in the other databases. If ingredients were unattainable
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a similar choice was used from the existing fatty acid database or the fat-containing
ingredients in the recipe were weighted according to the proportions in which they
were used in AUSNUT and NUTTAB 95. Once data were entered, printouts of mean
daily nutrient intake were used for entry into statistical analysis software. Nutrient
data were transferred to SPSS Version 11 (545) for analysis. Data entered into the
statistical software was checked once by the dietitian and twice by a colleague, Erja
Kinnunen (EK).

5.2.7. Urine nitrogen
Urine samples, once collected, were decanted, the volume measured and frozen in
aliquots by TL. The samples were treated as in 2.4.1. UN and PE were calculated
from UUN, which was measured as in 2.4.1. Completeness of urine collections was
checked using 24-hour Cr excretion as in 2.4.2. Both UUN and Cr were analysed by
GM with the assistance of Dr. Alice Owen (AO) and EK.

5.2.8. Erythrocyte membrane phospholipid fatty acid composition
Blood samples were taken by LR on consecutive days of every clinic visit as in 2.5.
They were analysed by LR as in 2.5.1.

5.2.9. Statistical analysis
Given that the trial was double blinded and placebo controlled, all four groups
effectively received the same physical intervention. Biases which operate in control
or intervention groups in other trials were likely to be similar between the four groups
in the present trial. With this in mind, Group 1 and 2 were collapsed into Group D
(DHA or 22:6n-3) and Groups 3 and 4 into Group O (Olive oil) based on the oil they
were taking. The level of significance was set at an alpha of 0.05. Data were log
transformed to improve normality, unless otherwise stated. A conventional level of
0.1 was fixed to allow log transformation of fatty acid variables, since many
individuals had undetectable levels of both dietary and erythrocyte fatty acids. Data
analysis was performed using SPSS version 11 (545). Results should be considered
in the context of multiple analyses.
Subject characteristics were compared between males and females, and between
Group D and Group O using independent sample t-tests. The frequencies of
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response for social variables were also calculated. The change in nutrient and
energy intake with time was examined using repeated measures ANOVA. Group was
entered into the model as a between-person factor. No other factors or covariates
were entered as the primary aim was to determine if dietary change occurred and not
whether change was subject to certain characteristics of the participants. In addition,
the change in weight and %BF over the duration of the trial was assessed using
repeated measures analysis.

5.2.9.1. Relative validity
DH1 and DH3 were compared to FR1 and FR3, respectively. Baseline analyses
were performed to remove the possible effects of the intervention on performance
outcomes. The possibility of differences in macronutrient and energy intakes at
baseline between Group D and Group O was considered. Differences in group
means were assessed using independent sample t-tests with a Bonferroni
adjustment for multiple comparisons. There were no differences in nutrient and
energy intakes between the groups at baseline, except for palmitic acid (16:1), which
was higher in Group O (presence of several cases with high chicken consumption),
therefore, data for all subjects have been presented. In addition, DH3 was compared
to multiple 24Rs administered throughout the trial. Comparing DH1 to 24Rs was not
possible as the primary intervention had occurred before the administration of the
first 24R. A preliminary analysis of FR3 and multiple 24R data showed that their
mean intakes were not significantly different when expressed as absolute intake. The
multiple 24Rs and FRs were comparable as reference methods for DH3.
Differences in group means between the DH and the reference method were
compared using paired sample t-tests. The linear relationship between the DH and
the reference method was assessed using Pearson’s correlations and adjusted for
between-person variation in EI by the residual method (335) as in 2.7.3.1. In addition,
correlations were corrected for within-person variation in intake using the formula:
rcorrected = robserved×√(1+VR/k) where rcorrected is the corrected correlation coefficient,
robserved is the Pearson’s correlation coefficient, k is the number of days of recording
and VR is the variance ratio of within to between-person variation in intake (σ2w/ σ2b)
(19). VRs illustrate the degree to which total variation from the FR or 24Rs is
accounted for by within-subject variation and between-subject variation (63). The
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smaller the ratio the better the tool performs (19, 334) and the less effect
deattenuation will have on the correlation coefficient (79). In this case, six days of
recording for both the FR and 24Rs were used to examine variance, which was
determined by ANOVA. Six individual days from two 3-day FRs were chosen for the
analysis of within-person variation as more days of recording addresses dietary
variation better (456). FRs administered during the intervention (FR2 and FR3) were
used as their administration context was likely to be similar. Coefficients of
determination were calculated for energy and the major macronutrients to examine
the proportion of the total variance explained by the reference measure (51). Data
were also adjusted using the nutrient density model where macronutrients were
expressed as a percentage of EI as in 2.7.3.2. The magnitude of the discrepancy
between the DH and the reference method was expressed as the percent difference
between the two means and was used to determine their interchange ability i.e. can
one be used in instead of the other to measure the same thing at the group level.
Investigators have suggested that differences of up to 10% are acceptable for
establishing interchange ability (12, 368). The correlation coefficient determined their
interchange ability at the individual level.
The difference/bias between the DH and FR (DH-FR) at baseline was calculated and
plotted against the mean intake from the two methods as in 2.7.2.1. Linear
regression determined if a significant relationship between bias and mean intake was
evident. Cases, which lay outside the 95%CI of the mean difference, were then
excluded from the analysis and the linear regression was repeated. In addition, crude
Pearson’s correlations between the DH and the reference were also repeated after
the removal of cases with large discrepancies in paired data. This analysis was
performed for DH1 and FR1 and for DH3 and 24Rs. In addition, the regression
coefficients were determined from a regression of mean intake upon difference in
intake for Group D and Group O separately to determine if patterns of bias were
different between the two groups at the end of the trial.
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5.2.9.2. Criterion validity
5.2.9.2.1. Plausibility of EI data
The plausibility of EI data was assessed using EI:BMR as in 2.7.1.1. Study-specific
PALs, which were derived from self-report, were used to determine cut-off limits for
underreporting of EI.

EI:BMR was derived using both BMR predicted by the

Schofield equation (BMRS) as in 2.7.1.2.1.1 and BMR predicted by the Cunningham
equation (BMRC) as in 2.7.1.2.1.2. Within-person CVEI was determined by ANOVA
with repeat measures of DH2 and DH3. This was also done for FR2 and FR3. The
24Rs were divided into three recalls administered near the start of the intervention
and three administered at the end of the intervention and CVEI was determined from
ANOVA. CVP was obtained from Black et al’s examination of 21 pooled studies using
DLW (214) and CVB was obtained from recommended values for CVB published by
Black (210). Using recommended values where study-specific values may be crude
or unavailable will ensure greater specificity of the EI:BMR ratio (211). BMRS and
BMRC were compared using paired sample t-tests. A McNemar’s test for correlated
proportions was used to determine the presence of differences in the numbers of
subjects underreporting in the DH and in the reference methods (FR and 24Rs).
Underreporting of EI was also examined using EI:EE as in 2.7.1.2. EE was predicted
using both the quotient of BMRS and PAL and quotient of BMRC and PAL. CVEE was
obtained from 21 pooled DLW studies (214). EES and EEC were compared using
paired sample t-tests.
A multiple linear regression analysis was performed with EI:BMR as the dependent
variable and age, sex, fat mass and their respective interaction terms entered into the
model as independent variables. The use of multiple independent variables in the
regression was of concern since the sample size was small. This was taken into
account and variables were taken out of the model upon failure to show a significant
relationship with underreporting. Larger individuals have been shown to underreport
(202, 359, 389, 546, 547), but evidence for age and sex relationships with
underreporting is not unidirectional.
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5.2.9.2.2. Validation of protein intake data
Mean UN and NI were compared using paired sample t-tests. Pearson’s correlations
assessed linear relationships between paired data. Data for PE and PI were
compared using the same approach. Mean UN:NI and PE: PI were also calculated.
Underreporting of NI and PI were identified as group means for UN:NI and PE:PI
below the lower 95%CI of their respective expected ratios.
The 95%CIs for the expected ratio of 0.81 for UN:NI (233) were calculated from the
CV for NI adjusted for the number of days of recording and the CV of UN adjusted for
the number of days of collection using the equation:
2SD= ± 2 × √ (CV2NI/k +CV2UN/c - 2r.CVNI/√k ×CVUN/√c) where CVNI is the withinperson variation in NI, CVUN is the within-person variation in UN, k is the number of
days of recording, c is the number of urine collections and r is the correlation
between NI and UN (215). CVNI was calculated using ANOVA with repeat measures
of DH2 and DH3. This was also done for FR2 and FR3. The 24R was divided into
three recalls administered near the start of the intervention and three administered at
the end of the intervention and CVNI was determined using ANOVA. CVUN was
calculated from repeat urine collections. A repeated measures analysis of variance
was used to determine changes in UN with time.
The 95%CIs for the expected ratio of one for PE:PI were calculated from the CV for
PI adjusted for the number of days of recording and the CV of PE adjusted for the
number of days of collection using the equation:
2SD= ± 2 × √ (CV2PI/k +CV2PE/c - 2r.CVPI/√k ×CV

PE

/√c) where CVPI is the within-

person variation in PI, CV PE is the within-person variation in PE, k is the number of
days of recording, c is the number of urine collections and r is the correlation
between PI and PE. CVPI was calculated using ANOVA with repeat measures of DH2
and DH3. This was also done for FR2 and FR3. The 24Rs were divided into three
recalls administered near the start of the intervention and three administered at the
end of the intervention and CVPI was determined using ANOVA. CVPE was
determined from repeat urine collections. The values for CVPE and CVPI were the
same as CVNI and CVUN, respectively.
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Both mean UN:NI and PE:PI was determined as well as individual ratios to determine
the number of individuals who underreported NI and PI. A McNemar’s test for
correlated proportions determined whether the numbers of individuals found to be
underreporting were different between the methods.

5.2.9.2.3. Validation of fat intake data
The ability of the DH to estimate habitual fatty acid intake was examined by
comparison with erythrocyte membrane phospholipid fatty acid (EPFa) composition.
Since incorporation of these fatty acids takes place over time, EPFa has been found
to be a good marker for habitual intake of long chain fatty acids over a period of one
to three months in healthy individuals (263). One blood sample taken at baseline was
used in the analysis together with DH1 and FR1. One blood sample is sufficient for
this form of analysis as it has been shown that within-person variation in EPFa is low
over many days of testing (287). Nine fatty acids have been presented, which were
measured with both the DH and the FR at baseline. A conventional level of 0.1% was
fixed to allow log transformation of EPFa, since many individuals had undetectable
levels of some fatty acids in the membrane. The FR was also examined in this
analysis for three reasons: 1) it is likely to contain independent error to the DH, 2) it is
a measure of actual intake over a few non-consecutive days and 3) it has been
recommended that a third independent measure of intake be included in
comparisons between dietary methods and tissue fatty acids (262). Of interest to the
investigators, was the ability of the DH to measure habitual long chain n-3 intake,
particularly 22:6n-3 or docosahexanoic acid, as any voluntary increases may affect
the validity of the outcomes of the trial. In addition, the ability of the FR to measure
habitual fatty acid intake in the same manner as the DH was facilitated through the
analysis. Since fatty acid intakes have shown to be highly variable in some
individuals (266) using a few days of sampling may be insufficient to represent
habitual fatty acid intake in this sample.
At baseline, the linear relationship between dietary fatty acids measured with the DH
and the FR was examined using Pearson’s correlations on transformed data. Given
that fatty acids were analysed as a proportion of the total fatty acids in the membrane
and the dietary fatty acids are presented in absolute amounts, some investigators
have used methods other than correlations for comparison of dietary fatty acids and
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EPFa (280). These investigators felt that a simple linear regression of these variables
was not possible. Instead, a mathematical model was proposed by Aitcheson and
Bacon-Shone to overcome this where the dependent variable is regressed upon the
logit of the variable, which is expresses at a proportion (548). This was performed in
the present study adjusting for age, non-alcoholic EI and alcohol intake. Dietary fatty
acids were expressed as a percentage of fat and as absolute amounts.

5.2.9.2.4. Validity coefficients
The validity coefficients and their 95%CI were calculated as in 2.7.4 where D denotes
the DH, R denotes the reference method (FR or 24Rs) and M the biological marker.
The validity coefficients were calculated using both UN and EPFa 22:6n-3 as
biological markers. Heywood cases (validity coefficients>1) were truncated at 1.00.

5.2.9.3. Reproducibility
Reproducibility or test-retest reliability was examined at both the group and the
individual level. Given that the primary intervention occurred after DH1, then DH2
and DH3 would most likely have the same administration context i.e. they were both
measuring intakes under the same conditions of intervention. The DH2 and DH3
were used in the analysis of reproducibility. The differences in group means between
DH2 and DH3 were examined using paired sample t-tests and the magnitude of
discrepancy was expressed as a percent difference. The mean difference and the SD
of the difference (SDdiff) were also calculated to determine the variability in bias.
Pearson’s correlations examined the linear relationship between DH2 and DH3 and
were adjusted for EI using the residual method as in 2.7.3.1. In addition, intraclass
correlations, which measure the fraction of the total variation that is due to betweenindividual variability, were also performed. High correlations imply low within-subject
variability or higher consistency in nutrient intake (71).

5.3. Results
5.3.1. Subjects
Eighty four people were screened for participation criteria. Fifty individuals who were
eligible gave consent to participate in the trial. Of those, one dropped out for personal
reasons and 11 were unable to comply with intervention protocol. Thirty eight
individuals completed the first six weeks of the intervention and 37 followed the trial
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to completion. Nineteen people were randomised into Group D and 19 to Group O.
Eleven females and 27 males completed the first six weeks of the trial, one male
dropped out in the second six week period leaving 26 males and 11 females to
complete the protocol. There were five females and 14 males in Group D and six
females and 13 males in Group O. Ninety-two percent of subjects were married and
of those 63% were living without children. Five percent were living alone after divorce
or spousal death. All subjects had completed secondary school and 43% of those
were tertiary educated. Two subjects had doctoral degrees, five had postgraduate
degrees, eight had undergraduate degrees and nine had tertiary or technical
certificates. Of the 38 subjects, 14 earned more than $50 000 a year, eight earned
less than $20 000 a year and seven were retired on a pension. The sample group
was educated, literate and most were still working.
Table 5.2: Baseline subject characteristics for 38 individuals participating in the dietary supplementation trial

Age (yrs)
Height (m)
Weight (kg)
2
BMI (kg/m )
Fat Mass (kg)
Fat Free Mass (kg)
% BF
Cholesterol (mmol/L)
Triglycerides (mmol/L)

All

Group D (n=19)

Group O (n=19)

Males (n=27)

Females (n=11)

52.5 ± 7.1
1.7 ± 0.0
86.0 ± 12.49
29.8 ± 4.5
27.1 ±10.7
58.9 ± 8.2
30.9 ± 9.2
6.2 ± 1.4
2.4 ± 1.8

53.1 ± 7.5
1.7 ± 0.0
84.7 ± 11.03
29.3 ± 4.3
26.0 ± 10.4
58.7 ± 8.0
30.1 ± 9.6
6.1 ± 1.0
2.1 ± 1.0

52.0 ± 6.9
1.7 ± 0.0
87.3 ± 14.0
30.3 ± 4.7
28.3 ± 11.1
59.0 ± 8.5
31.6 ± 9.0
6.4 ± 1.8
2.7 ± 2.3

50.6 ± 7.1
1.7 ± 0.0
84.9 ± 11.7
28.5 ± 3.4
22.9 ± 8.4
62.0 ± 5.1
26.3 ± 6.2
6.2 ± 0.9
2.5 ± 1.8

57.5 ± 4.8**
1.6 ± 0.0**
86.2 ± 13.1
32.8 ± 5.4**
36.6 ± .7**
49.6 ± 4.5**
41.8 ± 5.4**
6.4 ± 2.4
2.1 ± 1.8

** Significantly different from males at P<.01

Subject characteristics are presented in Table 5.2. Ages ranged from 41 to 66 years.
There were no differences in characteristic variables between Group D and Group O.
Males were taller than females, but females were heavier and presented with higher
body fat levels than males. Females were also slightly older than males. Of the 11
females, all had % BF>30 with a range of 33.5% to 49.0%. Seven males had
%BF>30 and these ranged from 30.5% to 41.5%. Cross tabulation showed that
equivalent numbers of subjects with % BF>30 were from Group D and Group O. As a
group, subjects gained weight (+0.92kg) and increased their body fat levels (+0.94%)
during the intervention. Although these gains were statistically significant, clinically,
the increases were small.
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Analysis for 17 dietary nutrients and EI are presented in this chapter. The
macronutrients include protein, CHO, fat, MUFA, PUFA, SFA and alcohol. Of these,
the individual fatty acids, which were of interest to the trial investigators, are also
presented: palmitic (16:0), stearic (18:0), palmitoleic (16:1), oleic (18:1), total n-6 fat,
total n-3 fat, linoleic (18:2), α-linolenic (18:3), eicosapentanoic (20:5n-3) and
docosahexanoic (22:6n-3). Macronutrients adjusted using the nutrient density model
are presented as % protein, % fat, % CHO, % alcohol, % MUFA, % PUFA and
%SFA.
EI, protein, CHO, total n-6 and 18:2 measures decreased with time when assessed
by the DH. Total n-3 and 22:6n-3 measures increased with time. This was expected
as the intervention increased dietary 22:6n-3 by no less than 2.7g per day in half of
the subjects, which then increased total dietary n-3 fat. PUFA showed no change as
the rise in n-3 was balanced by a fall in total n-6 fatty acids, probably due to a
decrease in 18:2. Data for PUFA, alcohol, total n-3 fat, 18:3 and 22:6n-3 increased
with time when measured with the FR. Significant interaction terms between time and
group showed that differences in change with time between Group D and Group O
were evident for MUFA, alcohol, total n-3 fat, 18:1 and 22:6n-3 when measured with
both methods. Differences in change between the groups was expected for MUFA
and 18:1 as this fatty acid was the main component of the olive oil capsules
consumed by Group O and for total n-3 and 22:6n-3 due to large amounts present in
the 22:6n-3-enriched capsules consumed by Group D .

5.3.2. Relative validity
The DH yielded significantly higher values than the FR at baseline for absolute EI
and macronutrient intakes apart from those for SFA and alcohol, which showed no
significant difference (Table 5.3). Where nutrients were expressed as a percentage of
EI these differences were not significant, apart from % PUFA, which was slightly
higher with the DH. Data for individual fatty acids showed large discrepancies
between mean intakes. Since food sources of individual fatty acids are variable in
their fatty acid composition discrepancies between the FR and the DH were not
unexpected.
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Table 5.3: Comparison of the DH and the FR at baseline in 38 men and women aged 41-66 years

Variable
Energy (kJ)
Protein (g)
Fat (g)
SFA (g)
16:0 (g)
18:0 (g)
MUFA (g)
16:1 (g)
18:1 (g)
PUFA (g)
Total n-6 (g)
Total n-3 (g)
18:2 (g)
18:3 (g)
20:5n-3 (g)
22:6n-3 (g)
CHO (g)
Alcohol (g)
b
Nutrient densities
% Protein
% Fat
% CHO
% Alcohol
% MUFA
% PUFA
% SFA

DH1 (n=38)

FR1 (n=38)

Mean ± SD

Mean ± SD

10876 ± 2245
114.60 ± 26.54
91.59 ± 27.78
31.07 ± 10.68
17.10 ± 5.43
7.51 ± 2.64
34.28 ± 12.92
2.27 ± 2.02
31.56 ± 11.36
17.80 ± 7.94
15.47 ± 7.13
2.15 ± 0.90
15.37 ± 7.13
1.71 ± 0.75
0.15 ± 0.13
0.25 ± 0.20
309.21 ± 72.69
12.34 ± 15.67

9634 ± 2320**
100.94 ± 21.32**
79.49 ± 25.02**
29.24 ± 11.05
15.51 ± 5.27**
7.30 ± 2.70
29.25 ± 10.04**
1.52 ± 0.85*
26.35 ± 9.26**
13.75 ± 5.40**
11.02 ± 4.63**
1.68 ± 0.62**
10.91 ± 4.64**
1.26 ± 0.57**
0.14 ± 0.13
0.22 ± 0.20
271.44 ± 69.02**
14.77 ± 21.41

17.08±3.11
42.19±30.86
48.41±6.03
3.26±3.94
11.51 ± 3.06
5.96 ± 4.36
10.53 ± 2.91

17.21 ± 3.60
30.39 ± 6.43
48.09 ± 6.49
3.92 ± 4.63
11.15 ± 2.75
5.25 ± 1.66**
11.20 ± 3.63

%
Difference

Correlations
r

radj

rcorr

16
15
18
20
10
3
12
50
20
36
40
28
41
36
7
14
23
n/a

0.63
0.66
0.71
0.74
0.80
0.80
0.66
0.39
0.72
0.67
0.55
0.42
0.55
0.17
0.31
0.48
0.58
0.74

0.53
0.61
0.76
0.78
0.76
0.49
0.28
0.47
0.61
0.50
0.44
0.50
0.15
0.31
0.48
0.56
0.78

0.64
0.54
0.62
0.77
0.80
0.78
0.50
0.29
0.48
0.62
0.51
0.44
0.51
0.15
0.32
0.48
0.56
0.79

r (outliers
b
removed)
0.72
0.66
0.75
0.80
0.85
0.84
0.71
0.51
0.73
0.69
0.61
0.55
0.61
0.37
0.40
0.66
0.69
0.77

2
3
2
n/a
6
8
-3

0.48
0.66
0.56
0.75
0.54
0.64
0.77

-

0.49
0.67
0.57
0.76
0.55
0.65
0.78

0.52
0.70
0.61
0.80
0.56
0.68
0.85

a

** Significantly different from the DH at P<0.01
* Significantly different from the DH at P<0.05
a

Correlations corrected for within-person variation in FR intakes by rcorrected = robserved×√(1+VR/k) where robserved is the Pearson’s

correlation coefficient, k is the number of days of recording and VR is the ratio of within to between-person variation in intake
2

2

(σ w/ σ b) Note: all correlation coefficients are significant apart from those for 18:3, 20:5n-3 and energy-adjusted 16:1
b

Nutrients expressed as a percentage of EI

b

Crude correlations calculated where cases having large differences outside the 95%CI for the difference have been removed
(all significant).

Crude correlation coefficients ranged from 0.17 (NS) for 18:3 to 0.75 (P<0.01) for %
alcohol. Generally, higher correlations were shown for absolute nutrient intake, but
for most nutrients paired intakes were significantly different. At the individual level the
DH and the FR were measuring similar values, but small discrepancies between
paired data may have been large enough to yield significantly different mean intakes.
For these nutrients, the DH and the FR were not performing equally at the group
level. The coefficient of determination (r2) showed that for EI, 40% of the variance in
the DH was explained by the FR, 44% of the variance was explained for protein, 50%
for fat and 34% for CHO.
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Correlations for females were slightly better than for males with a mean correlation
for females of 0.62 compared to 0.59 for males. Higher between-person variation in
EI and nutrient intakes was evident in the DH data as shown by the larger SDs
around the mean. The small numbers of females with lower dietary intakes may have
contributed to between-person variation in dietary data. Crude correlation
coefficients, when adjusted for between-person differences in EI, were reduced, but
marginally. Adjusting for EI using the nutrient density model also reduced correlation
coefficients. Energy adjusted correlation coefficients were comparable to those
expressed as a percentage of EI. In addition, low within-person variation in intakes in
this sample when calculated from FR data was small, yielding low variance ratios
(VR). These low ratios had a small deattenuating effect on the correlation coefficient
when corrected for within person variation in intake. When outliers were removed
(cases falling outside the 95%CI of the difference between DH and FR) Pearson’s
correlations improved and all were significant.
Correlation coefficients between DH and FR data for the individual fatty acids were
not as good as for other macronutrients, although the majority showed a significant
linear relationship. Non significant correlations were shown for 18:3 (r=0.17, NS) and
20:5n-3 (r=0.31, NS), but these improved upon the removal of outliers who presented
with large discrepancies between paired data (r=0.37, P<0.05 and r=0.40, P<0.05 for
18:3 and 20:5n-3, respectively). The correlation coefficient for 16:1 (r=0.36, P<0.05)
was no longer significant when adjusted for between-person differences in EI (r=0.28,
NS). The deattenuated correlation coefficient for this nutrient was also not significant
(r=0.29, NS). However, the removal of outliers who showed large discrepancies
between paired data, resulted in an improvement in the correlation coefficient
(r=0.51, P<0.01). Outliers were found to be cases with large chicken consumption in
the DH, but not during the FR sampling days.

With respect to the DH and FR’s interchange ability, discrepancies of greater than
10% were seen for almost all absolute nutrient intakes indicating that for measuring
absolute mean intake these two methods were not interchangeable i.e. one cannot
be used in place of the other. However, when expressed as a percentage of EI the
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discrepancies were reduced to well below 10%, suggesting that the DH and the FR
were interchangeable for estimating macronutrient proportions in the diet. Since the
proportion of the individual fatty acids in the diet are not presented in Table 5.3,
percent difference was examined for fatty acid variables adjusted using the nutrient
density model. All differences between DH and FR data were below 10%.
Table 5.4: Comparison of the DH with a FR and 24Rs at the end of the trial in 37 men and women aged 41-66 years
Variable

DH3 (n=37)

FR3 (n=37)

Correlation

Absolute

Mean ± SD

Mean ± SD

r

9788 ± 2293
102.05 ± 20.18
79.6 ± 25.73**
28.87 ± 10.65
15.64 ± 5.24
7.08 ± 2.70
28.90 ± 11.09**
1.42 ± 0.74
26.10 ± 10.21
15.09 ± 6.86**
10.76 ± 5.70**
3.29 ± ±2.07
10.65 ± 5.69**
1.18 ± 0.72**
0.13 ± 0.13
1.46 ± 1.25
283.86 ± 78.79
11.66 ± 17.40
18.20 ± 3.52**
29.99 ± 6.30**
49.23 ± 6.48
3.19 ± 4.63
10.90 ± 3.05**
5.60 ± 1.91**
10.89 ± 3.11

24Rs (n=37)

Correlation
r

b

Mean ± SD

r

0.47
0.85
0.74
0.78
0.73
0.81
0.57
0.80
0.74
0.54
0.84
0.54
0.25
0.43
0.92
0.81
0.79

0.75
0.48
0.86
0.75
0.79
0.74
0.82
0.59
0.81
0.75
0.55
0.84
0.55
0.25
0.44
0.92
0.81
0.80

9234 ± 1673**
98.6 ± 17.88*
82.19 ± 21.22
28.89 ± 9.91
16.07 ± 4.98
7.21 ± 2.69
30.54 ± 9.89
2.95 ± 2.65
26.95 ± 7.85
15.93 ± 5.66*
11.60 ± 4.84
3.34 ± 2.05
11.51 ± 4.83
1.29 ± 0.61
0.11 ± 0.10
1.43 ± 1.33
255.91 ± 53.64**
7.84 ± 13.60**

-

0.55
0.59
0.79
0.81
0.82
0.77
0.75

17.57 ± 3.18
33.20 ± 5.69
47.74 ± 5.65
2.26 ± 3.82
12.20 ±2 .92
6.35 ± 1.76
11.48 ± 2.97

radj

rcorr

0.74
0.63
0.78
0.76
0.78
0.71
0.73
0.59
0.74
0.77
0.63
0.84
0.63
0.37
0.43
0.94
0.72
0.79
0.54
0.58
0.79
0.80
0.81
0.76
0.74

a

(outliers
removed)

radj

rcorr

0.73
0.72
0.65
0.78
0.69
0.69
0.58
0.26
0.55
0.78
0.63
0.92
0.63
0.34
0.78
0.98
0.72
0.78

0.61
0.60
0.78
0.64
0.76
0.65
0.37
0.70
0.70
0.56
0.91
0.55
0.31
0.76
0.96
0.69
0.78

0.75
0.63
0.61
0.79
0.65
0.78
0.66
0.40
0.71
0.71
0.57
0.91
0.56
0.32
0.78
0.96
0.70
0.79

0.78
0.72
0.70
0.81
0.69
0.80
0.58
0.36
0.61
0.55
0.73
0.92
0.73
0.49
0.80
0.98
0.78
0.82

0.61
0.61
0.62
0.78
0.66
0.74
0.81

-

0.63
0.64
0.64
0.79
0.68
0.77
0.83

0.75
0.61
0.71
0.85
0.70
0.80
0.83

c

Energy (kJ)
10255 ± 2260
Protein (g)
105.79 ± 22.81
Fat (g)
87.65 ± 23.66
SFA (g)
29.75 ± 8.76
16:0 (g)
16.49 ± 4.87
18:0 (g)
7.04 ± 2.21
MUFA (g)
32.52 ± 10.22
16:1 (g)
2.13 ± 1.81
18:1 (g)
29.45 ± 8.96
PUFA (g)
17.92 ± 7.12
Total n-6 (g)
13.01 ± 5.28
Total n-3 (g)
3.76 ± 2.46
18:2 (g)
12.90 ± 5.27
18:3 (g)
1.60 ± 0.97
20:5n-3 (g)
0.14 ± 0.11
22:6n-3 (g)
1.50 ± 1.35
CHO (g)
292.50 ± 75.32
Alcohol (g)
10.78 ± 13.71
d
Nutrient densities
% Protein
16.75 ± 2.77
% Fat
31.57 ± 4.46
% CHO
48.32 ± 5.98
% Alcohol
2.98 ± 3.68
% MUFA
11.71 ± 2.28
% PUFA
6.36 ± 1.80
% SFA
10.80 ± 2.54

* Significantly different from the DH at P<0.05
** Significantly different from the DH at P<0.01
a

Correlations corrected for within-person variation in 24R intakes by rcorrected = robserved×√(1+VR/k) robserved is the Pearson’s

correlation coefficient, k is the number of days of recording and VR is the ratio of within to between-person variation in intake
2

2

(σ w/ σ b). Note: all correlations are significant except for 16:1 (r) and 18:3 (r, radj, rcorr) for 24Rs and 18:3 (r, radj, rcorr) for FR3
b

Correlations corrected for within-person variation in FR intakes as in

c

a

Crude correlations calculated where cases having large differences between DH3 and 24Rs outside the 95%CI for the

difference have been removed. All correlations are significant
d

Nutrients expressed as a percentage of EI

DH3 and the 24Rs measured similar mean intakes for most variables (Table 5.4).
Mean intakes of EI, protein, PUFA, CHO and alcohol were significantly higher with
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the DH, however, when expressed as a percentage of EI, these differences were no
longer significant. There were no significant differences between the DH and the
24Rs for macronutrients expressed as a percentage of EI. There were also fewer
differences between paired absolute intakes from DH3 and FR3 than were evident at
baseline. Significant differences were seen for total fat, MUFA, PUFA, total n-6, 18:2
and 18:3 where the DH was still measuring higher intakes. This is supported by
earlier reports of the failure to find decreases in fat, MUFA and PUFA measured with
the DH over time. Since fat had not decreased with time and EI, CHO and protein
had, it was not surprising that the DH presented with significantly different dietary fat
composition to the FR at the end of the trial (Table 5.4). Where data for total n-6 and
18:2 were concerned, the decreases that occurred over the course of the intervention
were insufficient to yield similar mean intakes to the FR at the end of the trial. This
was also true of 18:3 data, which increased with FR measurement over the course of
the trial, but not enough to bring the means close enough to the DH.
There were differences greater than 10% between data for DH3 and 24R means for
EI (11%), 16:1 (27%), PUFA (12%), total n-6 (12%), total n-3 fat (13%), 18:2 (12%),
18:3 (25%), 20:5n-3 (27%), CHO (14%) and alcohol (38%). Differences for
macronutrients as a percentage of EI were all below 10% as were those for energyadjusted fatty acids.
Crude correlation coefficients ranged from 0.26 (NS) for 16:1 to 0.98 (P<0.01) for
22:6n-3 when DH3 was compared to the 24Rs and correlations ranged from 0.37
(NS) for 18:3 to 0.94 (P<0.01) for 22:6n-3 when DH3 was compared to FR3.
Generally the correlations between the DH and the FR were better than those
observed for the DH and the 24Rs; however, correlation coefficients were good for
paired data in both cases indicating that the DH, FR and 24Rs ranked individuals
similarly for nutrient and energy intakes at the end of the trial. Moderate reductions in
correlation coefficients were seen in the majority of variables with adjustment for EI
using both residual and nutrient density models indicating that between-subject
variation in EI was present in this sample. However, small within-person variation in
nutrient and energy intakes, as was found in the FR data, was also found in the 24Rs
data, which meant that in both cases there was a small deattenuating effect on the
correlation coefficients when corrected for within-person variation in intake. In
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addition, upon the removal of outliers (cases outside the 95%CI for the difference
between DH and 24Rs) the relationships between the variables improved, especially
for 18:3 where the correlation became significant (r=0.49, P<0.05).
Correlations between the FR and the DH improved relative to baseline (Table 5.3).
This together with a reduction in the difference between means at the end of the trial
showed that data from the DH and FR moved closer together with time. Decreases in
mean DH values over time, coupled with overall stability in FR data meant that
measured intakes from the DH moved closer towards measured intakes from the FR
at the end of the trial. Correlations for females were better than males with mean
correlations of 0.72 for females and 0.67 for males when DH3 was compared to FR3.
Mean correlations of 0.71 for females and 0.60 for males were shown when DH3
data was compared to the 24R data.
Table 5.5 : Variance ratios for FR and 24Rs and method-specific variance ratios for Group D and Group O
2

2

2

FR (σ w/ σ b)
Variable
Energy
Protein
Fat
SFA
16:0
18:0
MUFA
16:1
18:1
PUFA
Total n-6
Total n-3
18:2
18:3
20:5n-3
22:6n-3
CHO
Alcohol
Nutrient densities
% Protein
% Fat
% CHO
% Alcohol
% MUFA
% PUFA
% SFA

2

24Rs (σ w/ σ b)

All

Group D

Group O

All

Group D

Group O

0.14
0.27
0.20
0.20
0.24
0.23
0.18
0.39
0.20
0.16
0.18
0.04
0.18
0.13
0.46
0.09
0.11
0.19

0.17
0.21
0.20
0.20
0.25
0.19
0.18
0.44
0.22
0.15
0.13
0.01
0.14
0.09
0.45
1.57
0.14
0.15

0.11
0.32
0.22
0.23
0.26
0.40
0.18
0.29
0.17
0.26
0.24
0.68
0.24
0.43
0.49
0.67
0.09
0.24

0.30
0.33
0.24
0.19
0.20
0.28
0.23
0.42
0.22
0.21
0.24
0.04
0.24
0.21
0.44
0.02
0.19
0.16

0.18
0.27
0.24
0.22
0.17
0.27
0.30
0.22
0.34
0.22
0.15
0.23
0.15
0.15
0.42
0.24
0.15
0.10

0.43
0.38
0.17
0.19
0.24
0.28
0.21
0.34
0.18
0.35
0.45
0.58
0.44
0.43
0.77
1.20
0.24
0.41

0.29
0.28
0.23
0.20
0.14
0.17
0.22

0..31
0.18
0.16
0.15
0.17
0.15
0.19

0.28
0.34
0.30
0.25
0.17
0.29
0.27

0.36
0.42
0.35
0.16
0.26
0.28
0.27

0.35
0.29
0.18
0.09
0.43
0.21
0.19

0.36
0.53
0.44
0.42
0.43
0.60
0.33
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Although by the end of the trial there were two distinct groups receiving different fatty
acid interventions, comparison of DH3 with both FR3 and the 24Rs has not been
expressed in groups. An examination of the VRs from six days of recording with the
FR and the 24Rs showed VRs to be mildly affected by categorisation into groups
(Table 5.5). Between-person variation in nutrient and energy intakes did not
decrease to any great extent when Group D and Group O were examined separately
and since within-person variation was low and stable, VRs were only slightly affected
by categorisation into groups (Table 5.5). Furthermore, the attenuation factor for the
correlation coefficients remained the same as when VRs were calculated for all
subjects. The loss of sensitivity, which accompanied halving the sample size was not
justified and, therefore, data for all subjects was presented for the analysis at the end
of the trial. On average, VRs were higher for Group O, which was due to lower
between-person variation in intakes in this group and slightly higher within-person
variation, while Group D showed higher between-person variation and lower withinperson variation. One interesting observation was the difference in VRs between
Group D and Group O for 22:6n-3. FR data showed within-person variation to be
slightly higher in Group D yielding a higher VR. Similarly, the VR for 24R data was
higher in Group O. This was determined to be caused by lower between-person
variation in this group yielding a higher VR. The cause of this is difficult to interpret
but in both instances the affect on the correlation coefficient was minor. Hence the
VRs for the whole group were presented.
Table 5.6 shows the main outcome values for the regression of bias on mean intake.
Variability in bias (within-person variation in measurement) was large as shown by
SDdiff when the DH was compared to both the FR and 24Rs. Following this the
95%CI around the mean bias were wide for absolute intakes indicating that precision
in DH measurement was not good relative to both the FR and 24Rs. Tighter CIs were
observed for the nutrients expressed as percentages of EI where mean biases were
low.
Comparison with the FR showed overestimation with the DH at higher intakes of
MUFA, 16:1 and all PUFA variables apart from 20:5n-3 and 22:6n-3. There was a
significant negative relationship with alcohol. There were no significant trends in bias
when macronutrients were expressed as a percentage of EI or for EI, itself (Figure
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5.2a). Following the removal of cases outside the 95%CI of the bias, the regressions
between the difference and the mean were reduced and were no longer significant
for any of the variables (data not shown).
Table 5.6 : Mean bias, SDdiff , 95%CI of the bias and correlation of bias versus mean intake for all subjects at baseline and for
all, Group D and Group O at the end of the trial
Comparison of DH1 and FR1
Mean
Bias
Energy (kJ)
1241.26
Protein (g)
13.65
Fat (g)
12.10
SFA (g)
1.84
16:0 (g)
1.59
18:0 (g)
0.21
MUFA (g)
5.03
16:1 (g)
0.76
18:1 (g)
5.21
PUFA (g)
4.06
Total n-6 (g)
4.45
Total n-3 (g)
0.47
18:2 (g)
4.46
18:3 (g)
0.45
20:5n-3 (g)
0.01
22:6n-3 (g)
0.03
CHO (g)
37.77
Alcohol (g)
-2.43
a
Nutrient densities
% Protein
-0.14
% Fat
0.46
% CHO
0.32
% Alcohol
-0.65
% MUFA
0.36
% PUFA
0.71
% SFA
-0.68

Comparison of DH3 and 24Rs

SDdiff

95%CI

r

Mean
Bias

SDdiff

95% CI

r

RD

RO

2086.98
20.20
21.72
7.93
3.62
1.82
10.73
1.98
8.69
6.03
5.95
0.82
5.96
0.79
0.16
0.20
67.37
19.74

-2933, 5415
-26.75, 54.05
-31.34, 55.54
-14.02, 17.70
-5.65, 8.83
-3.43, 3.85
-16.43, 26.49
-3.21, 4.73
-12.71, 23.13
-8.00, 16.12
-7.45, 16.35
-1.17, 2.11
-7.46, 16.38
-1.13, 2.03
-0.31, 0.33
-0.37, 0.43
-96.97, 172.51
-41.91, 37.05

-0.04
0.28
0.139
-0.05
0.05
-0.03
0.30*
0.71**
0.26
0.46**
0.47**
0.39**
0.47**
0.28*
-0.17
-0.17
0.06
-0.34*

1021
7.17
5.46
0.87
0.42
-0.17
1.98
-0.82
2.5
1.99
1.41
0.43
1.40
0.31
0.03
0.01
39.60
2.94

1513
16.12
19.3
6.53
3.91
2.09
8.89
3.11
7.44
4.29
3.98
0.89
3.96
0.90
0.08
0.17
51.21
8.24

-2005, 4047
-25.07, 39.41
-33.14, 44.06
-12.19, 13.93
-7.40, 8.24
-4.35, 4.01
-15.8, 19.76
-7.04, 5.40
-12.38, 17.63
-6.59, 10.57
-6.55, 9.37
-1.35, 2.21
-6.52, 9.32
-1.49, 2.11
-0.13, 0.19
-0.27, 0.41
-62.82, 142.02
-13.54, 19.42

0.42*
0.33*
0.14
-0.19
-0.03
-0.26
0.04
-0.36*
0.17
0.36*
0.12
0.45**
0.12
0.47**
0.22
0.21
0.45**
0.02

0.40*
0.50*
0.08
-0.35
-0.13
-0.38
0.31
-0.53*
0.27
0.17
0.02
0.38
0.02
0.45*
0.17
-0.28
0.43*
0.02

0.41*
0.14
0.12
-0.08
-0.05
-0.12
-0.06
-0.31
0.22
0.45*
0.18
0.48*
0.18
0.22
0.09
0.29
0.51*
0.04

3.42
5.08
6.1
3.89
2.86
1.63
1.98

-6.98, 6.70
-9.70, 10.62
-11.88, 12.52
-8.43, 7.13
-5.36, 6.08
-2.55, 3.97
-4.64, 3.28

-0.17
-0.11
-0.09
-0.20
0.13
0.22
-0.02

-0.81
-1.63
0.59
0.71
-0.48
0.01
-0.68

2.71
4.59
5.36
2.37
2.10
1.17
1.7

-6.23, 4.60
-10.81, 7.55
-10.13, 11.31
-4.03, 5.45
-4.68, 3.72
-2.33, 2.35
-4.08, 2.72

-0.17
-0.30*
0.07
-0.07
-0.33*
0.03
-0.27

-0.59**
-0.55**
0.19
-0.11
-0.06
-0.29
-0.47*

0.02
-0.15
-0.04
0.08
-0.25
0.23
-0.10

RD Correlation coefficient for cases in Group D
RO Correlation coefficient for cases in Group O
a

Nutrients expressed as a percentage of EI

** Significant at P<0.01
* Significant at P<0.05

When the DH was compared with the 24Rs, significant positive relationships between
bias and intake were shown for EI (Figure 5.2b), protein, PUFA, total n-3 fat, 18:3
and CHO indicating overestimation by the DH relative to the 24Rs at higher mean
intakes. Underestimation with the DH relative to the 24Rs was shown at higher
intakes of 16:1, % fat and % MUFA. Other negative relationships were shown, but
these failed to reach significance. Following the removal of cases outside the 95%CI
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of the bias, the regression between difference and mean was reduced and was no
longer significant for most variables with the exception of EI (r=0.43, P<0.05), PUFA
(r=0.36, P<0.05), CHO (r=0.46, P<0.01), alcohol (r=0.44, P<0.05) and total n-3 fat
(r=0.44, P<0.05), which continued to show positive systematic error with increasing
intake.
A group-specific regression between bias and mean intake was performed when
comparing the DH and the 24Rs (Table 5.6). It was thought that trends in bias with
intake might differ between Group D and Group O at the end of the trial. Results
showed that the direction of relationships between bias and intake were always the
same in both Group D and Group O, although it was evident that in some cases the
relationships were much stronger in Group D, especially for macronutrient
proportions in the diet.

It seems that Group D contributed more towards the

systematic error present in macronutrient proportion measurements.
Figure 5.2: Bias plots for EI when DH was compared to the FR and to the 24Rs
a.

b.
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Figure 5.2 illustrates the movement of bias with increasing EI when the DH was
compared to the FR (Figure 5.2a) and when compared to the 24Rs (Figure 5.2b).
There was no trend in bias with intake when the DH was compared to the FR, but a
significant positive relationship between bias and intake when compared to the 24Rs.
Although the range of mean EI was similar between the two comparisons, those with
higher intakes tended to overestimate their EI with the DH when compared to the
24Rs the removal of two cases outside the 95%CI of the bias had no effect on this
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relationship. The limits of agreement were wider when the DH was compared to the
FR and the degree of overestimation by the DH was more pronounced than when the
DH was compared to the 24Rs. This was expected since DH3 values were more
comparable to 24Rs values than were DH1 and FR1. The overestimation of EI when
compared to the FR is spread over a range of intakes, which indicates that the
overestimation of EI by the DH was not specific to those with higher EI.
Instances where a significant relationship between bias and mean intake was shown
with the FR and not with the 24Rs were few, but occurred for MUFA, total n-6 fat,
18:2 and alcohol. Significant relationships shown with the 24Rs and not the FR were
seen for EI, protein, CHO and % MUFA. In one case, the relationship between bias
and intake was positive when the DH was compared to the FR and negative when
compared to the 24Rs. This was shown for 16:1 (Figure 5.3).
Figure 5.3: Bland-Altman plots for 16:1 where the DH has been compared to the FR and the 24Rs.
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Overestimation with the DH was seen at very low intakes of 16:1 when compared to
the FR (Figure 5.3a). A few cases showed large discrepancies between DH and FR
values. When these outliers were removed the relationship between bias and intake
was no longer significant (r=0.19, NS). Group O had higher mean intakes of 16:1
(P<0.05) at the beginning of the trial, which was shown earlier and larger
discrepancies between the DH and the FR were seen in a few Group O subjects.
These differences were biased towards overestimation of 16:1 by the DH at the
beginning of the trial. Since a few cases in Group O were large chicken consumers,
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chicken appeared in the DH but was not in the three sampled days for the FR, which
explained the discrepancy.
Large differences between the DH and the 24Rs were also seen at higher mean
intakes of 16:1, however, these discrepancies were now biased towards
underestimation by the DH (Figure 5.3b). These differences were seen in Group O
subjects who were larger chicken eaters. In this case chicken was sampled on the
FR days but diluted when assessed as part of the habitual diet. The significant trends
in bias showing underestimation with the DH occurring at higher mean intakes of
16:1 were due to the presence of outliers. When cases outside the 95%CI of the bias
were removed the regression coefficient was low and was no longer significant (r=0.03, NS). Generally, cases fell between the limits of agreement when the DH was
compared to the 24Rs, however, the limits were wider in this instance indicating
larger between-person differences in bias magnitudes (larger within-person variation
in measurement).
Figure 5.4 shows the bias plots for the fatty acids likely to be affected by the capsule
intervention. Data were taken from the comparison between the 24Rs and the DH
administered at the end of the trial. Group O, who was taking olive oil capsules,
presented with similar mean intakes of MUFA (Figure 5.4a) to Group D. This was not
true of 18:1, which comprised the largest proportion of fat in the olive oil capsule
(Figure 5.4b). In this case 18:1 intakes were higher in Group O at the end of the trial.
In addition, mean PUFA intake was higher in Group D at the end of the intervention
(Figure 5.4c), which was caused by the higher consumption of 22:6n-3 (Figure 5.4d).
Interestingly the regression coefficient for 22:6n-3 in Group D was negative (r=-0.28)
while that for Group O was positive (r=0.29), however these were not significant
(Table 5.6).
The limits of agreement were wide for the MUFAs indicating higher within-person
variation in measurement and, therefore, lower precision in measurement. The limits
for PUFA were much closer to the mean difference. However, the limits are based on
the between person variation in bias, which in turn, is dependent on measured
intakes. If measured intake is quantitatively larger for a particular nutrient then it
follows that the between person differences are likely to be larger. Given this, the
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SDdiff will increase and the limits of agreement will be wider. If the scale of the
abscissa for 22:6n-3 fat were changed to match that of both MUFA and PUFA the
limits would be very close together, which may be interpreted as good precision, but
the differences between individual values for each case were quite large relative to
the small measured intakes.
Figure 5.4: Bias plots for the comparison of the DH and the 24Rs at the end of the trial
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5.3.3. Criterion validity
5.3.3.1. Plausibility of energy intake data
The average PAL for this sample group was 1.64, which corresponds with light –
moderate levels of activity according to FAO/WHO/UNU criteria (212). Given that the
trial participants were middle-aged to elderly adults with relatively high levels of body
fat, this PAL was considered appropriate. As was shown in Table 5.5, within-person
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variation in dietary intake in this sample of adults was low. Study-specific CVEI was
5.8% for the DH, 10.5% for the FR and 8.9% for the 24Rs. S (see 2.7.1.1.) was
calculated as 14.49% for 28 days (DH), 16.13% for three days (FR) and 15.39% for
six days (24Rs) of measurement. Hence, the group cut-offs for the DH, FR and 24Rs
were calculated as 1.56, 1.55 and 1.56, respectively. Cut-offs for individual cases
were 1.23 for the DH, 1.19 for the FR and 1.21 for the 24Rs.
Table 5.7: Method-specific mean EI, BMR and EE, cut-off limits for EI:BMR and calculated EI:BMRS and EI:BMRC, EI:EES and
EI:EEC for the group

EI (kJ)
a
BMRS
b
BMRC
Group cut-off
EI:BMRS
EI:BMRC
c
EES
d
EEC
EI:EES
EI:EEC
95% CI for EI:EE
UR by EI:EES
OR by EI:EES
UR by EI:EEC
OR by EI:EEC

DH1

DH2

DH3

FR1

FR2

FR3

24Rs

10876
7213
6870
1.56
1.52 (5)
1.59 (5)
††
11841
11287
0.93
0.97
0.77-1.23
6
2
4
4

10686
7222
6792
1.56
1.49 (6)
1.57 (4)
††
11684
11003
0.92
0.96
0.77-1.23
6
2
6
3

10255
7177
6804
1.56
1.46 (6)
1.56 (6)
††
11598
††
11009
0.89
0.93
0.77-1.23
8
0
5
1

9634
7213
6870
1.55
1.35 (11)
1.40 (8)
††
11841
††
11287
0.82
0.86
0.80-1.20
17**
1
13**
0

9679
7222
6792
1.55
1.35 (14)**
1.42 (8)
††
11684
††
11003
0.84
0.88
0.80-1.20
15**
1
12**
1

9788
7177
6804
1.55
1.38 (11)*
1.44 (9)
††
11598
††
11009
0.86
0.89
0.80-1.20
14**
2
12**
3

9234
7177
6804
1.56
1.30 (14)**
1.36 (9)
††
11598
††
11009
0.81
0.84
0.79-1.21
16**
0
10**
0

EI=Energy intake, EE=Energy Expenditure, BMR=Basal Metabolic Rate, UR=Underreporters, OR=Overreporters
Note: parentheses indicate the number of individuals underreporting. McNemar’s test for correlated proportions tested
differences in underreporting between the methods.
a
b

Calculated using the Schofield equation (see 2.7.1.2.1.1)
Calculated using the Cunningham equation (see 2.7.1.2.1.2)

c

Calculated using the Schofield equation (see 2.7.1.2.1.1) multiplied by the subject-specific PAL

d

Calculated using the Cunningham equation (see 2.7.1.2.1.2) ) multiplied by the subject-specific PAL

††

Significantly different from EI at P<0.01

** Significantly different from UR in corresponding DH at P<0.01 (24Rs compared to DH3)
* Significantly different from UR in the corresponding DH at P<0.05

Mean EI:BMRC was higher than EI:BMRS (Table 5.7). This was not unexpected as
comparisons revealed that BMRS was significantly higher at all time points than
BMRC (P<0.01). Mean EI:BMRC indicated that there was no underreporting of EI any
time point with the DH, however this was not the case with EI:BMRS, which showed
underreporting at all time points. EI:BMRS also indicated group underreporting at all
time points for the FR and for the 24Rs. This was also the case with EI:BMRC. In
individuals, EI:BMRC identified fewer underreporters than EI:BMRS, although this was
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more pronounced with the FR and the 24Rs, than with the DH. A large discrepancy
between BMRS and BMRC in these individuals is the most likely cause of the
inconsistency.

In general, people who tended to underreport with the DH also

underreported with the FR. This was more pronounced when EI:BMRC was used.
These results indicate that, as a group the adults participating in this trial reported
more plausible EIs with the DH than with the FR and 24Rs; however this was
dependent on whether FFM was used to predict BMR by the Cunningham equation.
Both mean EI:EES and EI:EEC for the DH were close to one (0.89-0.93 for EES and
0.93-0.97 for EEC) while those for the FR at all time points were lower (0.82-0.86 for
EES and 0.86-0.89 for EEC). The 24Rs showed an EI:EES of 0.81 and an EI:EEC of
0.84. The 95%CI around the expected ratio of one for EI:EE were calculated at 0.771.23 for the DH, 0.80-1.20 for the FR and 0.79-1.21 for the 24Rs. Predicted EES was
significantly higher than EEC (P<0.01) at all time points. This resulted in higher ratios
for EI:EEC, which then identified fewer underreporters of EI. EI measured with DH1
and DH2 was not significantly different to EEC. EIs from DH3, FR1, FR2, FR3 and
24Rs were significantly different to their respective EEs (P<0.01). The number of
individual underreporters with the FR and the 24Rs was significantly greater than
with the DH. There were also few overreporters with all methods although the DH did
show a greater number of individuals overreporting EI.
The results showed that the DH provided good estimates of EI and few were
underreporting with this instrument. However the FR and 24Rs showed greater
numbers of individuals to be underreporting EI when compared to predicted BMR
and EE.
Figure 5.5: Method-specific relationship of EI:BMR and Fat Mass as determined by BIA (kg)
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Both age and sex were not independently associated with lower EI:BMR. Higher FM
was associated with lower EI:BMR with all three methods (Figure 5.5). However,
where the DH was concerned this did not necessarily translate into underreporting at
the individual level for most, but rather for those with extremely high levels of body fat
(BF) (30-50kg) (Figure 5.5a). Both the FR and 24Rs showed signs of individual
underreporting of EI at much lower levels of BF (less than 20kg) (Figure 5.5b and c).
Figure 5.6: Plots showing the dependence of the relationship of EI:BMR and Fat Mass as measured by BIA (kg) on sex
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Since most of those with higher %BF, and in turn fat mass, were females it is likely
that they were strong contributors to lower EI:BMR with the DH. In fact the sex*fat
mass interaction was significant for all three methods (P<0.01) indicating that the
EI:BMR-fat mass relationship was different between males and females. Figure 5.6a
shows the male and female relationship between EI:BMR and fat mass. Females
showed a significant negative association with FM (r=-0.66, P<0.05) while the
relationship for males was not significant (r=0.11, NS). The association between FM
and EI:BMR in females was present but was not significant for the FR (r=-0.50, NS)
or the 24Rs (r=-0.46, NS). This was likely due to the small number of females in the
study (n=11). Males did not show an association (r=-0.11, NS and r=-0.25, NS for the
FR and 24Rs, respectively). Although few underreported at the individual level with
the DH, most were female. Lower EI:BMR in males tended to be spread over the
range of fat mass, but most were not underreporting. This was not the case for the
FR and 24Rs, which showed underreporting in males at a lower fat mass. Females
with high levels of body fat had lower EI:BMRS but were not necessarily
underreporting at the individual level. The interaction between sex and body fat was
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due to the higher body fat levels of females who had lower EI:BMR. This effect was
more pronounced with the DH than with the FR and 24Rs.

5.3.3.2. Validation of protein intake data
Creatinine (Cr) results showed that 26 subjects provided complete urine samples at
baseline, 19 at six weeks and 20 at the end of the trial. In order that the sample size
was sufficient to detect differences in group means it was decided that for group
comparisons, one 24 hour urine collection at baseline would be used to examine
differences. The use of one urine collection for this purpose is supported in the
literature (126). Since it is recommended that greater than two days of collection is
needed to assess UN given the large within-person variation in excretion, the
analysis was repeated using the average of three collections to compare NI and UN.
Because complete collections were not necessarily from the same individuals at the
three time points, a sample of 14 individuals who had three complete collections at all
time points was used in the analysis.

Mean UN measured in the 26 baseline

individuals was similar to that measured in individuals with three complete
collections.

UN did not change with time in the 14 individuals supplying three

complete collections.
CVNI was calculated as 8.9% for the DH, 14.1% for the FR and 17.25% for the 24Rs.
CVUN was calculated as 18.5%. If the expected ratio was 0.81 (233) then the 95%CI
for the ratio of UN:NI were calculated as 0.70-0.92 for the DH, 0.71-0.91 for the FR
and 0.69-0.94 for the 24Rs. Values for NI, which were above the upper 95%CI, were
underreporting NI (215). Using similar principles the 95% CI around the expected
ratio of one for PE:PI were 0.90-1.11 for the DH, 0.90-1.10 for the FR and 0.88-1.13
for the 24Rs. Values for PI, which were above the upper 95%CI were underreporting
PI.
Table 5.8 shows the measured values for NI and PI from the DH, FR and 24Rs and
measured values for UN and PE. NI measured with the DH was significantly greater
than UN when both one and three urine collections were used. This is not entirely
unexpected as UN should be approximately 81% of NI. PE and PI should technically
be the same, but when one urine collection was used PI was significantly greater
than PE. There was no significant difference between PI and PE when three urine
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collections were used. The ratio of UN:NI for the DH was 0.81 and PE:PI was 0.92.
Both were within the 95%CI of their respective expected ratios although using the
Isaksson calculation of PE, the DH tended towards overestimation of PI.

Table 5.8: Mean values for UN, PE and method-specific NI and PI for single complete baseline collections and three complete
urine collections in selected individuals
Single baseline collection (n=26)
DH1
NI (g)
PI (g)
UN (g)
PE (g)
UN:NI
PE:PI
r UN vs. NI
UR of NI
UR of PI

Three complete collections (n=14)

FR1
a

19.06 ± 4.13
b
119.12 ± 25.82
15.23 ± 3.34
107.69 ± 20.91
0.81 ± 0.14
0.92±0.15
0.67**
5
3

16.89 ± 3.22
105.51 ± 20.11
15.23 ± 3.34
107.69 ± 20.91
0.91 ± 0.14
1.03±1.15
0.68**
†
12
†
9

DH3
a

17.72 ± 3.29
108.41± 25.66
15.30 ± 3.26
108.10 ± 20.38
0.89 ± 0.12
1.01 ± 0.14
0.81**
5
3

FR3

24 hr

16.14 ± 3.42
b
103.03 ± 21.37
15.30 ± 3.26
108.10 ± 20.38
0.94 ± 0.15
1.06 ± 0.15
0.75**
6
5

15.68 ± 2.41
b
97.98 ± 15.07
15.30 ± 3.26
108.10 ± 20.38
0.98 ± 0.18
1.11 ± 0.19
0.50
8
6

UR=underreporters
a

Significantly different from the UN at P<.01

b

Significantly different from the PE at P<.01

** Significant correlations at P<.01
†

Significantly different from UR in the DH at P<0.01 as determined by McNemar’s test for correlated proportions

NIs from both the FR, for one and three urine collections, and the 24Rs were not
significantly different from UN. PI measured with both the FRs and the 24Rs were
significantly lower than PE. UN:NI for the FR fell on the upper 95%CI for the expected
ratio when one collection was used and was above the upper limit when three
collections were used indicating that the FR was underestimating NI. This was also
true of the 24Rs. Mean PE:PI for the FR and the 24Rs were within the defined limits,
although both presented with a ratios close to the upper 95%CI.
The correlation between UN and NI from the DH (r=0.81, P<0.01) was slightly better
than the FR (r=0.75, P<0.01) and for the 24Rs (r=0.50, NS) when three collections
were used, but poorer when one collection was used. The lack of significance of the
correlation coefficient for the 24Rs was affected by the small sample size. A sample
size of 17 individuals was required in order for a correlation of 0.50 to be significant
(549). In addition, since UN should equal approximately 81% of NI, the correlation is
not expected to be high between UN and NI.
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Underreporters of NI were identified in the 26 individuals providing one urine
collection at baseline. There were five underreporters of NI with the DH and 12 with
the FR and this difference was shown to be significant (P<0.1). Of the five individuals
shown to underreport NI at baseline with the DH, the same five underreported when
three complete collections were used (n=14). Of the 12 individuals underreporting at
baseline with the FR, six of those were included in the sample providing complete
collections. There were eight individuals who underreported NI with the 24Rs. These
results show that the poor performance of the FR and the 24Rs may have been due
to underreporters of NI being included in the sample providing three complete urine
collections. Nevertheless, we cannot rule out extrapolation to the whole sample
group. The number of individuals underreporting NI with the FR at baseline and the
high proportion of cases showing underreporting with the 24Rs supports findings that
the FR and 24Rs were underestimating NI. There were smaller numbers of
underreporters identified for PE:PI for the DH at baseline but the FR still showed nine
individuals to be underestimating their PI at baseline. Of those nine, five were
identified as underreporting PI with the FR at the end of the trial, while six
underreported PI with the 24Rs. There were three individuals underreporting PI with
the DH at the end of the trial.
The validity coefficients for the triangular model contradict the results shown above.
In fact the validity coefficient for the FR (0.67, 0.17-0.89) was higher than for both the
DH (0.58, 0.60-1.00), but not for UN (0.88 (0.23-1.00) suggesting that UN data was
closest to true intake and that the FR was the next best measurement for NI.
Results indicate that the DH provided reasonably good estimates of NI in this sample
of adults, but that they underestimated with FRs and 24Rs. This was not influenced
by the time of dietary assessment as NI was similar for both baseline FR
measurements and measurements made at the end of the trial. In addition, UN was
similar regardless of whether one or three urine collections were used. However, this
may have been influenced by the characteristic underreporting of those who provided
three complete urine collections. Despite the evidence for underestimation by the FR,
the validity coefficients show this method to be slightly better than the DH for
measuring NI.
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It is important to note that these results, just as the results from the energy validation
have to be taken in the context of implausible intakes. Underreporters of NI have
been identified as those at the low extreme of NI. This analysis does not allow us to
show the smaller within-person discrepancies, which fail to fall outside the 95%CI
and contribute to different mean UN and NI.

5.3.3.3. Validation of fat intake data
Mean dietary intakes of fatty acids from the DH1 and FR1 are shown in Table 5.9.
The use of baseline data ruled out the effects of the intervention on dietary fatty
acids, which were likely to occur at the end of the trial. The two methods could then
be compared on an equal footing. In addition, the potential competition between
enzymes for dietary n-3 and n-6 fatty acids may affect the results where long chain n3 fat is supplemented (169) as was the case in this intervention. Results for EPFa
were comparable to both international and Australian sample groups indicating that
EPFa measured in this study was valid.
Table 5.9: Dietary and EPFa in a sample of 38 Australian men and women aged 41-66 years and international and Australian
studies measuring EPFa
Dietary method

SFA
16:0
18:0
MUFA
†
16:1
†
18:1
PUFA
18:2
18:3
20:4
20:5n-3
22:6n-3

Biomarker

DH1 (g)

FR1 (g)

EPFa
(g/100g)

31.07 ± 10.68
17.10 ± 5.43
7.51 ± 2.64
34.28 ± 12.92
2.27 ± 2.02
31.56 ± 11.36
17.80 ± 7.94
15.37 ± 7.13
1.71 ± 0.75
0.09 ± 0.03
0.15 ± 0.13
0.25 ± 0.20

29.24 ± 11.05
15.51 ± 5.27
7.30 ± 2.70
29.25 ± 10.04**
1.52 ± 0.85
26.35 ± 9.26
13.75 ± 5.40**
10.91 ± 4.64
1.26 ± 0.57
0.10 ± 0.06
0.14 ± 0.13
0.22 ± 0.20

45.29±0.99
21.37 ± 0.62
15.97 ± 0.63
19.36±1.29
0.39 ± 0.15
12.92 ± 0.80
35.18±0.94
8.94 ± 1.00
0.10 ± 0.24
13.79 ± 1.16
0.78 ± 0.25
4.60 ± 0.60

International studies

Australian
studies
Brown
Brown
et al,
et al,
1991
1991
(263)
(295)

Farquar
et al
(253)

Angelico
et al
(550)

Glatz
et al
(287)

Romon
et al
(280)

29-33
13-16

25.5
11.9

21.0
14.1

23.7
11.5

20.10
16.50

15.60

17-21

4.5
17.2

5.4
13.4

1.5
13.4

12.00

12.57

10-12

8.3

9.1

9.7

9.40

10.21

9-10

6.7
2.2
3.8

12.9

14.0
0.7
4.0

14.10
1.11
6.08

12.29
0.61
3.63

** Significant at P<0.01
* Significant at P<0.05
†

Does not include trans isomers

187

There was a significant albeit weak positive association between age in years and
membrane 18:0 (r=0.33, P<0.05). In addition, increasing % BF was associated with
decreased 16:0 (r=0-0.46, P<0.01) and 18:2 (r=0.-0.36, P<0.05) in the membrane.
Increased dietary alcohol intake measured with the DH was associated with a
decrease in SFA (r=0.-0.42, P<0.05) and an increase in MUFA (r=0.38, P<0.05) in
the membrane. However, the fatty acids associated with these shifts were not
identified in the analysis. This was also shown with FR alcohol intake. Decreases in
both SFA and MUFA in the membrane were seen with increasing EI from the DH
(r=0.-0.41, P<0.05 and r=-0.37, P<0.05 for SFA and MUFA, respectively) but not with
the FR. No associations were shown for EI when measured with the FR. DH P/S
showed no association with membrane SFA and PUFA but rather a negative
association with membrane 22:6n-3. P/S from neither method showed an association
with the membrane L/O ratio (r=0.11, NS and r=0.24, NS for the DH and FR
respectively) as has previously been suggested (551). However, an increase in DH
18:2 was associated with an increase in membrane L/O (ρ=0.37, P<0.05). This result
was not shown for FR 18:2.
Table 5.10 presents the multiple standardised regression coefficients (β) for dietary
fatty acids regressed on the logit of the proportion of EPFa adjusted for age, nonalcoholic EI and alcohol intake. EPFa fatty acids have been regressed using both
absolute fatty acid intake and intake expressed as a percentage of total fat. In
general regression coefficients were low and not significant. There was a significant
positive association for DH MUFA as a percentage of fat and membrane 16:0
(β=0.35, P<0.05) and 18:0 (β=0.40, P<0.05). FR MUFA was positively associated
with membrane 18:2 (β=0.44, P<0.01) and 20:5n-3 (β=0.40, P<0.05). Both DH and
FR PUFA were negatively associated with membrane 16:1 (β=0.32, P<0.05 for both
DH and FR). DH 18:2 was negatively associated with membrane 16:1 (β=-0.34,
P<0.05) and with membrane 18:1 when expressed as a percentage of dietary fat (β=0.35, P<0.05). There were no associations between FR 18:2 and membrane fatty
acids.
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Table 5.10 : Multiple regression coefficients of dietary fatty acids at baseline on logit EPFa adjusted for age, alcohol intake and
non-alcoholic energy intake in a sample of 38 men and women
DH
EPFa
16:0
18:0
16:1
18:1
18:2
18:3
20:4
20:5n-3
22:6n-3

SFA
% fat
g/d
-0.09
-0.04
0.15
0.15
0.14
-0.09
0.02
0.03
-0.12
0.07
0.27
0.17
0.17
0.11
-0.23
-0.21
-0.29
-0.21

MUFA
% fat
g/d
0.35*
0.11
-0.25
0.00
0.00
-0.16
0.40*
0.14
0.00
0.13
-0.08
0.00
-0.03
0.02
0.25
-0.02
0.02
-0.06

PUFA
% fat
g/d
-0.16
-0.10
0.07
0.11
-0.24
-0.32*
-0.29
-0.17
0.10
0.17
-0.21
-0.11
-0.11
-0.05
0.04
-0.05
0.28
0.12

EPFa
16:0
18:0
16:1
18:1
18:2
18:3
20:4
20:5n-3
22:6n-3

SFA
% fat
g/d
-0.12
-0.07
0.03
0.16
0.04
-0.13
0.08
0.00
0.06
0.02
0.20
0.17
0.01
0.09
0.01
-0.06
-0.28
-0.16

MUFA
% fat
g/d
0.30
0.06
-0.18
0.11
0.17
-0.11
0.30
0.04
0.44**
-0.11
0.08
0.11
0.16
0.13
0.40*
0.03
0.19
0.00

PUFA
% fat
g/d
-0.21
-0.13
0.09
0.21
-0.26
-0.32*
-0.22
-0.18
0.24
0.17
-0.20
-0.06
-0.10
0.02
-0.22
-0.22
0.13
0.04

18:2
% fat
-0.18
0.12
-0.28
-0.35*
0.07
-0.19
-0.06
-0.03
0.30
FR

g/d
-0.10
0.14
-0.34*
-0.22
0.14
-0.09
-0.01
-0.09
0.15
18:2

% fat
-0.03
-0.19
0.07
0.09
0.18
0.08
-0.19
-0.11
-0.19

g/d
-0.12
-0.04
-0.24
-0.08
0.16
0.07
-0.13
-0.15
0.07

20:5n-3
% fat
g/d
-0.33*
-0.26
0.13
0.10
-0.23
-0.19
-0.27
-0.19
0.04
0.08
-0.25
-0.23
-0.13
-0.12
0.33*
0.31*
0.42*
0.39*

22:6n-3
% fat
g/d
-0.21
-0.19
0.00
0.02
-0.08
-0.11
-0.26
-0.23
0.08
0.13
-0.27
-0.26
-0.20
-0.19
0.35*
0.32*
0.49**
0.47**

20:5n-3
% fat
g/d
0.05
0.05
0.20
0.03
-0.10
-0.12
0.15
0.12
-0.04
-0.04
-0.08
-0.09
-0.15
-0.16
0.27
0.32*
0.27
0.51**

22:6n-3
% fat
g/d
-0.01
-0.01
-0.04
-0.06
-0.12
-0.02
0.12
0.15
0.06
0.08
-0.14
-0.13
-0.27
-0.26
0.34*
0.29
0.39*
0.24

* Significant at P<0.05
** Significant at P<0.01

DH 20:5n-3 was associated with membrane 22:6n-3 (β=0.39, P<0.05) and this was
also true when expressed as a percentage of fat (β=0.42, P<0.05). DH 20:5n-3 was
also associated with membrane 20:5n-3 both when expressed as a percentage of
dietary fat (β=0.33, P<0.05) and as absolute intake (β=0.31, P<0.05). DH 20:5n-3 as
a percentage of fat was negatively associated with membrane 16:0 (β=-0.33,
P<0.05). FR 20:5n-3 as a percentage of fat was not significantly associated with
membrane 20:5n-3 (β=0.27, P<0.05) or 22:6n-3 (β=0.27, P<0.05), however absolute
intake was positively associated with both 20:5n-3 (β=0.32, P<0.05) and 22:6n-3
(β=0.51, P<0.01) in the membrane.
DH 22:6n-3 was positively associated with membrane 22:6n-3 when expressed as a
percentage of fat (β=0.49, P<0.01) and as absolute intake (β=0.47, P<0.01). This
was also the case with DH 22:6n-3 and membrane 20:5n-3 ((β=0.42, P<0.05 and
β=0.39, P<0.05 for percentage of fat and absolute intake, respectively) There was a
significant positive relationship between FR 22:6n-3 and membrane 20:5n-3 and
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22:6n-3 when expressed as a percentage of fat (β=0.34, P<0.05 and β=0.39, P<0.05
for membrane 20:5n-3 and 22:6n-3, respectively), but not for absolute intake (β=0.29,
NS and β=0.24, NS for membrane 20:5n-3 and 22:6n-3, respectively). In addition,
correlation of absolute marine food intake measured by the DH correlated with both
20:5n-3 and 22:6ns in the erythrocyte membrane (r=0.31, P<0.05 and r=0.39,
P<0.05). Marine food intake measured with the FR showed no association with
membrane 20:5n-3 or 22:6n-3.
These findings show that the DH was able to measure long chain 20:5n-3 and
22:6n-3 and marine food intake well enough to show associations, which are known
to occur between dietary long chain n-3 intake and EPFa composition of 20:5n-3 and
22:6n-3. The FR showed better associations with absolute intake of 20:5n-3 than the
DH, but the failure of dietary 22:6n-3 intake to show an association with membrane
22:6n-3 may mean that the FR was not able to assess habitual absolute 22:6n-3
intake very well. This was also the case for habitual marine food intake, which was
not unexpected since only three days of random sampling were used in the FR. In
addition, the energy adjusted correlation coefficient between DH 22:6n-3 and
membrane 22:6n-3 was 0.48 and significant. The correlation for FR 22:6n-3 and
membrane 22:6n-3 was 0.25 and not significant. Hence, the validity coefficient for
measuring 22:6n-3 with the DH (ρDT=0.94, 0.48-1.00) was better than for the FR
(ρRT=0.51, 0.09-0.85), while that of EPFa was relatively good considering it is not a
measure of absolute 22:6n-3 intake (ρMT=0.49, 0.32-0.96). The wide confidence
intervals for the FR indicate that the measurement of 22:6n-3, in this instance, was
not precise.

5.3.4. Reproducibility
Differences between DH2 and DH3 administered six weeks apart, were low although
they were significant for EI, protein, CHO, total n-3 fat and 18:3 (Table 5.11). Since
the differences between mean absolute intakes were only from 4-6%, these
differences were small in the context of measurement error. This was not true for
20:5n-3, which showed a mean discrepancy of 21%. Since this fatty acid is sound in
small amounts in the diet even little discrepancies can result in large percent
differences between values, however the difference observed was not significant.
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Table 5.11: Reproducibility between DHs administered during the intervention in 37 males and females ages 41-66 years

Variable
Energy (kJ)
Protein (g)
Fat (g)
SFA (g)
16:0 (g)
18:0 (g)
MUFA (g)
16:1 (g)
18:1 (g)
PUFA (g)
n-6 (g)
n-3 (g)
18:2 (g)
18:3 (g)
20:5n-3 (g)
22:6n-3 (g)
CHO (g)
Alcohol (g)

DH2 (n=37)

DH3 (n=37)

Correlations

Mean ± SD

Mean ± SD

Difference ± SD

10643 ± 2215
110.73 ± 29.20
90.28 ± 23.30
31.13 ± 9.87
17.37 ± 4.89
7.44 ± 2.67
33.23 ± 10.13
2.33 ± 1.63
30.91 ± 8.95
18.13 ± 7.42
13.33 ± 5.61
3.94 ± 2.44
13.23 ± 5.60
1.70 ± 0.89
0.16 ± 0.14
1.55 ± 1.52
305.39 ± 70.36
10.45 ± 12.73

10255 ± 2260
105.79 ± 22.81
87.65 ± 23.66
29.75 ± 8.76
16.49 ± 4.86
7.04 ± 2.21
32.52 ± 10.22
2.13 ± 1.81
29.44 ± 8.96
17.92 ± 7.12
13.01 ± 5.28
3.76 ± 2.46
12.90 ± 5.27
1.60 ± 0.97
0.14 ± 0.11
1.50 ± 1.30
292.50 ± 75.32
10.78 ± 13.71

16.76±2.52
31.30±4.29
48.76±4.95
2.83±3.26
11.53±2.33
6.25±2.01
10.82±2.70

16.75 ± 2.77
31.57 ± 4.46
48.32 ± 5.98
2.98 ± 3.68
11.71 ± 2.28
6.36 ± 1.80
10.80 ± 2.54

r

radj

Intraclass

387 ± 778**
4.94 ± 9.89*
2.63 ± 10.39
1.37 ± 4.27
0.71 ± 2.55
0.32 ± 1.47
0.71 ± 5.18
0.20 ± 1.69
2.16 ± 4.42
0.20 ± 2.76
0.23 ± 2.64
0.23 ± 0.89*
0.25 ± 2.64
0.10 ± 0.82**
0.03 ± 0.05
0.08 ± 0.48
12.89 ± 30.86**
-0.33 ± 8.33

%
Difference
+4
+4
+3
+3
+4
+5
+1
+9
+7
+1
+2
+6
+2
+6
+21
+5
+4
-3

0.95
0.91
0.91
0.91
0.88
0.86
0.86
0.73
0.86
0.95
0.89
0.94
0.89
0.73
0.94
0.96
0.92
0.88

0.78
0.83
0.88
0.82
0.82
0.82
0.72
0.81
0.90
0.81
0.93
0.81
0.73
0.93
0.94
0.87
0.89

0.94
0.91
0.91
0.91
0.87
0.85
0.86
0.73
0.86
0.94
0.89
0.94
0.89
0.72
0.93
0.96
0.91
0.88

0.01± 2.02
-0.27 ± 2.49
0.43 ± 3.01
-0.16 ± 2.48
-0.18 ± 1.30
-0.11 ± 0.77
0.02 ± 1.37

+0
-1
+1
n/a
-2
-3
+0

0.75
0.83
0.86
0.86
0.82
0.92
0.87

Nutrient densities
% Protein
% Fat
% CHO
% Alcohol
% MUFA
% PUFA
% SFA

0.75
0.83
0.84
0.86
0.82
0.92
0.87

Note: All correlation coefficients are significant
radj denotes correlation coefficients adjusted using the residual method as in 2.7.3.1

The correlation coefficients ranged from 0.73 for 16:1 and 18:3 to 0.96 for 22:6n-3
indicating that DH2 and DH3 ranked individuals similarly for dietary intake measured
six weeks apart. Ninety percent of the variance in EI data from DH2 was explained by
DH3. Eighty three percent of the variance was explained for protein and fat and 85%
for CHO. Adjustment for between-person variation in EI reduced correlations, which
were comparable to correlations for paired data adjusted using the nutrient density
model. Intraclass correlations were comparable to crude Pearson’s correlation
coefficients and showed that the proportion of variation explained by within-person
variation in intake was low in this sample. This was confirmed by previous findings,
which showed within-person variation to be low in this sample.
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5.4. Discussion
This study aimed to present a profile of the performance of the open-ended DH
interview in a supplementation trial by comparison with two other dietary assessment
methods and biochemical markers of intake. In addition, biochemical markers were
used to establish the plausibility of intakes measured by the reference methods. The
DH used in this study was also designed to probe for the context of eating patterns.
Contextual reporting of food intake is supported by the literature for the improvement
of accuracy in self report (318). It was found that the DH overestimated intakes
relative to the FR and repeat 24Rs in this sample of Australian middle-aged to older
men and women. However, the discrepancies between the DH and the reference
methods for the measurement of absolute intakes were due, in part, to
underestimation of intakes by both reference methods according to criterion
measures of UN and EE. In addition, the DH intakes decreased towards the end of
the trial, which then supported comparable results with the last FR of the trial.
However, reductions in DH variables were not sufficient to bring values in line with
each other. Overestimation relative to repeat 24Rs was still evident at the end of the
trial despite reductions in DH values.
Many studies have shown the open-ended DH interview to overestimate intakes
relative to the FR (45, 400, 413, 441, 476). Most of these studies, apart from one,
which used UN (45), assumed the FR was accurate for measuring dietary intake,
thus questioning the validity of the DH for measuring group intakes. It has been said
that FRs or multiple days of recording are likely to have the least correlated error with
measures of recalled habitual intake (62). Given this, it is often assumed that FRs are
fairly accurate since they are free from the biases of recall and interview-associated
social approval. Many large US low fat dietary interventions have used FRs for
measuring dietary intake. Post-protocol validation studies have shown the FRs to be
poor for estimating true intake in this context (119, 186, 406) as have studies using
UN (239). In addition, the 24R has also been shown to be invalid for measuring
individual intakes (552) and prone to numerous reporting biases (118). One study
showed that both men and women underestimated EI with telephone-administered
24Rs (338). Another showed that telephone-administered 24Rs were less accurate
than telephone recorded FRs in assessing individual intake in adults (450). Multiple
24Rs have also been found to be poor at estimating group dietary intake (368). In the
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present study, it was shown that both the FR and telephone-administered 24Rs
underestimated dietary intake in this sample of Australian adults. This is of
significance when interpreting the findings of this study as one can no longer assume
that differences in mean intakes were due to DH error. In fact, the criterion
comparisons show the DH to provide good estimates of EI and NI in this context. At
the individual level, the correlations show that the DH was measuring intakes in line
with those from the FR and 24Rs, but discrepancies within individuals do not
necessarily translate into poor correlation coefficients. In fact, good correlations can
be shown where group means are significantly different as was evident in the present
study.
The results for energy validation showed that the DH presented with fewer
underreporters of EI than the FR and 24Rs using two methods i.e. lower cut-off for
EI:BMR and 95%CI of EI:EE. When BMR was calculated using the equation of
Schofield et al based on sex, and body weight (178), the values for EE were
significantly higher than when BMR was predicted from FFM by the Cunningham
equation (520). One recent study showed that BMR was overestimated when body
weight was used to predict BMR from the Schofield equation, especially in obese
adults (365). Black et al also showed that BMR when predicted using the Schofield
equation was overestimated when compared to BMR measured using ventilated
hoods (237). As a result, group underreporting as identified by EI:BMR was not seen
when measured BMR was used, but was shown when predicted BMR was used.
This was shown in the present study where the group was seen to underreport with
the DH when the Schofield equation was used to predict BMR, but were not
underreporting when FFM was used to predict BMR. Studies have shown the
Schofield equation to overestimate BMR in healthy Australians (553), while the
Cunningham equation has proven to be effective for predicting BMR based on FFM
(554). The latter study also showed that body weight was not as accurate a predictor
of BMR as FFM in Australian groups with varying body size and composition (554). If
this is the case then the values for EI:BMRC can be considered to be of greater value
than EI:BMRS. EI:BMRC showed underreporting of EI at the group level for the FR
and 24Rs across all time points in the trial. As a group, they were not underreporting
with the DH. In addition, the number of underreporters was significantly greater with
the FR and the 24Rs than with the DH. Nevertheless, these results have to be
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considered in the context of implausible intakes. Although both methods identify
those providing intakes at the extreme low end of EI, it does not allow one to see the
degree of small systematic underestimations of intake, which eventually affect the
group mean (226). In addition, the use of self-reported PALs to calculate EE may
have introduced error as PAL was not determined from validated activity diaries, but
rather a crude measure of recalled PAL. However, EI:BMR results showed similar
findings, but crude PALs were used in the calculation of the lower cut-off of EI:BMR.
The present study was also able to show a significant relationship between FM and
EI:BMR where increases in FM resulted in decreases in EI:BMR. Many studies have
shown a similar unidirectional relationship between body weight and underreporting
(192, 193, 205, 216, 218, 222, 224, 350, 359-361). Other studies have also shown
the association between high adiposity and underreporting (202, 220, 362), but at
least one study in British women did not (363). Heitmann et al showed that accurate
diet reporting was dependent on adiposity as measured by BIA, but was independent
of gender and age (220). In the present study, age was not shown to be an
independent predictor of lower EI:BMR, however gender differences in diet reporting
were seen over a range of FM. Females in the study tended to have higher adiposity
than males and the patterns of association with EI:BMR were different between
males and females. Males showed no significant trends in reporting with respect to
FM, while females showed a significant negative association between FM and
EI:BMR with the DH and likely associations with the FR and 24Rs. In fact, the
females demonstrated a greater effect on the regression between FM and EI:BMR.
This was more pronounced with the DH, which was probably prone to the biases of
social approval in these larger women. Nevertheless, with all three dietary methods,
higher adiposity did not necessarily translate into individuals being at the lower
extremes of EI:BMR, therefore high FM did not necessarily translate into implausible
reporting of EI. A limitation of this analysis was the use of FFM to predict BMR. FFM
was correlated with FM in both females (r=0.63, P<0.05) and males (r=0.59, P<0.01).
It is likely that the regression coefficients of BMR and FM were then biased towards
zero thus underestimating the strength of the relationship between EI:BMR, FM and
sex. Other studies examining the open-ended DH have shown men to overestimate
EI and women to underestimate EI when compared to FRs (525) and 24Rs (29).
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Data from comparisons between UN and NI support the previous energy validation
findings. UN showed the FR and the 24Rs to be underestimating NI. Although the
sample size was greatly reduced by the use of those providing three complete urine
collections (n=14), a baseline analysis (n=26) revealed that the FR was still
underestimating NI albeit in a less accentuated fashion. Some studies examining
DHs have also examined their reference methods using UN (45, 232, 247), however
many validation studies have not, but rather assumed the accuracy of the reference
method based on selected literature (28, 30, 32, 39, 42, 381, 413, 441, 555). One
study showed that a DH overestimated mean intakes compared to a FR. The
reference method was shown to be accurately measuring NI and the overestimation
was likely due to DH error (45). This was not the case in the present study. UN
proved that discrepancies shown between group means were most likely due to
underestimation of intakes by the FR and 24Rs. In addition, UN at baseline
presented with a value that was 81% of dietary NI when measured with the DH, a
value shown in highly controlled N balance studies (233).
Interestingly, the same ratio was not shown when using the Isaksson equation (229),
an equation used in numerous validation studies to calculate the PE from UN (45, 91,
230-232). In this case, the DH appeared to be overestimating PI at baseline
(PE:PI=0.92) while the FR appeared to provide accurate estimates. At the end of the
trial, UN:NI for the DH was no longer 0.81, however PE:PI showed a ratio of 1.01. If
the expected value for UN:NI is 0.81 as shown in N balance studies (233) and PE:PI
should be one, or within acceptable limits, the question that needs to be asked is: If
the mean UN measured was on average 81% of NI, why is the value for PE:PI not
close to one? One possible explanation could be that the value for 2g may be too
general for this population. It has been argued that the one cannot validate PI using a
constant of 2g for NUN losses as Isaksson et al originally proposed to calculate PE
(229) because N losses are dependent on fibre intake, gut microflora, levels of
physical activity, nitrates in food and endogenous nitrous oxide production (166).
Nevertheless, studies using both the Isaksson ratio of EPI to DP and the UN:NI ratio
have reported little practical difference between the two for validation purposes (220,
237). The present study shows a different result.
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If a hypothetical example was to be taken and a factor of 0.81 was applied to a
known NI of 15g then:
UN = 0.81(15g)
Then UN = 12g
If we were to determine PE from this value using 2g N loss (229) then:
PE = 6.25 × (12g+2g)
PE = 86g
But PI = 6.25 × 15g
Therefore PI = 94g
And PE:PI=0.91
It is then assumed that PI is overestimated when compared PE. Since this is clearly
not the case according to the known ratio of UN:NI, then the value of 2g may not be
sufficient N loss for comparison or the equation used by Isaksson may not deliver
100% of protein excreted. It was felt that the results shown by UN:NI were of more
value in this instance.
Another interesting anomaly, which was found in this data was the higher validity
coefficient for the measurement of NI by FR. Since it was shown that the FR was
underestimating NI at both baseline and at the end of the trial in samples with
complete urine collections and within person variation with the FR was low, it can be
assumed that the FR was systematically underestimating protein intake over a
number of days of recording. If this was the case then there was likely to be a
positive covariance between the random errors of repeated FR measurement, which
violates the assumptions of the triad model. Where a covariance of this type occurs
in the reference method, this results in an underestimation of ρDT (524), which may
explain the contradictory results. In addition, the model assumes that UN and NI are
hypothetically equal and it is known in reality that UN and NI should be on average
different by 20%. Nevertheless, the validity coefficients shown here were comparable
to other studies examining recalled intakes and records using UN. In the EPIC study,
the validity coefficient for a semiquantitative FFQ was 0.63 (0.33-0.82) when multiple
24Rs were used as the reference dietary method (523). The validity coefficient for the
marker was 0.72 (0.50-0.87) and for the 24Rs was 0.82 (0.63-1.07). Another study
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used eight UN collections to validate a FFQ using 4-day FRs for reference and
showed validity coefficients of 0.61 (0.28-0.96) for the FFQ, 0.64 (0.28-1.00) for the
FR and 0.71 (0.29-1.00) for UN (525). There were no studies examining the DH
method in this way, however, the present DH showed similar validity coefficients to
that of FFQs.
Despite underestimation by the reference methods, the DH was measuring similar
macronutrient proportions to the FR at the beginning of the trial and the 24Rs at the
end of the trial. Expressing nutrient intakes as a proportion of EI dilutes the effects of
underreporting (62), which were shown to be present in FR and 24Rs data. This also
gives support to the view that discrepancies between the DH and its reference
methods were due to differences in portion size estimates and not necessarily
omissions of foods since the macronutrient composition of the diet was essentially
similar when measured with all three methods. Studies have shown differences
between self-reported portion sizes using photographic atlases and standard portion
sizes (556). In addition, weighed records have shown lower mean values than
estimated records probably due to fatigue (121, 122). Fatigue in weighing and
recording has been shown in several studies where intakes in the first few days of a
record were higher than in subsequent days (118-120). It has also been shown that
the estimation of portion size is a cognitive task, which has resulted in subjects
describing the same foods and portion sizes very differently (397). Where the 24Rs
were concerned, this translation has to occur twice, once with the subject and once
with the dietitian administering the interview by telephone. It would be remiss to
conclude that the discrepancies were due to under eating in the sample group,
because the UN showed this not to be the case. However, it is important to note that
only a small number of individuals supplied complete urine collections making the
overall picture regarding UN difficult to see.
In addition, the small weight loss shown may indicate that an actual drop intake
occurred over the course of the intervention, which was seen with the DH, but not
with the FR. In fact a number of nutrients were shown to increase slightly with time,
which may indicate that initially the FR was underestimating at baseline. This
underestimation may have been in response to dietary monitoring, which most
subjects were not familiar with. Where real dietary change may have occurred there
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are a number of possible explanations: 1) Subjects may have responded to the
cereal intervention changing their eating patterns slightly 2) There may have been a
reduction in self-reported food intake in response to participating in the intervention
(342) 3) Repeated administrations of the three methods may have given way to
learned responses, so called “training effect” 4) Portion size estimations may have
changed in response to the FR and 24Rs 5) Seasonal changes over the course of
the intervention may have affected eating patterns slightly 6) Fatigue with
intervention protocol may have occurred resulting in a drop in compliance.
Many studies have shown the drop in intakes measured with the test method with
time (5, 43, 68, 76, 84, 85, 246, 355, 412, 413, 414). Some believe this to be due to a
fatiguing of respondents {Goldbohm, 1995 #113, 415) Some believe this to be due to
a fatiguing of respondents (85, 415) and others believe it to be in response to a
training effect where subjects respond to learned behaviours and expectations (342).
In the present study, the training effect would certainly be a plausible explanation for
the change in intakes with time and it is highly likely that the recording of the FR and
the recall of the 24Rs influenced the recall of portion size in the DH yielding lower
results in subsequent administrations. Numerous studies support this, having shown
test and reference values moving closer together with time (43, 59, 63, 79, 82, 410).
The present study showed the same for the DH and the FR and was also true of
comparisons between the DH and 24Rs. This is not to say that this is ideal,
especially if true underestimation was shown with the FR and 24Rs. A seasonal
effect may also have introduced slight changes in intakes although the vast majority
of the literature does not support this (121, 123, 469-471).
Random within-person variation was not operating to a large degree in this sample
group. In fact, within-person variation over six days of intake from both the FR and
the 24Rs was very low. Although the intention of the dietitian in the trial was to keep
intakes stable, such low within-person variation in intakes was surprising considering
the trial ran over three months, time enough for real change to occur (83). Other
investigators have supported the small within-person variation in FR data and have
criticised studies with data that have shown large improvements in correlation
coefficients after correction (557). In contrast to the results shown in the present
study, the literature certainly supports

within-person variation being larger than
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between-person variation yielding high VRs. Nelson et al showed that VRs in groups
of all ages in data sampled over seven day periods were greater than one due to
large within-person variation in intakes (141). Similarly Sempos et al showed that in a
sample of 151 women within-person variation was larger than between-person
variation yielding VRs>1 (456). The latter study’s failure to incorporate men into the
sample may have contributed to lower between-person variation in intakes. It has
been shown that sex difference is the largest contributor to between-person dietary
variation in adults (19). In a sample such as the one from the present study, which
comprised men, some with high reported intakes and others with lower reported
intakes, and women who generally had low reported intakes, one would expect
between-person variation intake to be large. This was the case, where high betweenperson variation coupled with stability in intakes within persons yielded low VRs. In
addition, the high between-person variation resulted in reductions in correlation
coefficients when adjusted for between-person differences in EI. Many investigators
have shown reductions of similar magnitude in correlation coefficients for adjusted
nutrients (84, 90, 558).
Poor correlations were shown for most of the PUFA fatty acids between dietary
methods at baseline. This was not surprising, given the large variability of PUFA in
the food supply and the few days of sampling in the FR. Three days of recording was
probably insufficient for capturing habitual PUFA intake and, therefore, DHs and FRs
did not agree. In addition, the strange patterns of variance shown for 22:6n-3 may
have been due to the measurement of variance using FR data. Since 20:5n-3 and
22:6n-3 are found in small amounts in a few select plant and animal foods (559), the
six days of sampling used to calculate variance in this instance may have failed to
adequately sample these foods to resemble a habitual pattern of their intake. Given
this, the within-person variation in these fatty acids was shown to be rather erratic
and perhaps a little low for the group compared to what is known about their
variability in the diet (278). Of interest, is the improvement in the correlation
coefficient between DH 22:6n-3 and both FR and 24R 22:6n-3 at the end of the trial.
Since the supplementation regime involved large doses of 22:6n-3 in half of the
subjects, between person variation in 22:6n-3 at the end of the trial was likely to be
high. Since high between-person variation results in high correlation coefficients
(351) it was not surprising that 22:6n-3 presented with higher correlations between
199

the dietary methods at the end of the trial. Furthermore, the dose of 2.7g of 22:6n-3
per day in half the subjects meant that their intakes of 22:6n-3, in addition to
background diet, which was low, were similar between individuals yielding almost
perfect agreement in half the subjects, therefore, contributing to the higher correlation
coefficients. Since this increase occurred in over half the subjects by the end of the
trial and was not large in terms of caloric value, the between-person differences in EI
were not increased. This then explains small deattenuation of the correlation
coefficient after correction for EI.
Despite efforts to correct correlation coefficients to reflect true performance, the
correlation is not the definitive statistical method for measuring agreement. It tells us
of the strength of the relationship between the methods, but not about the absolute
agreement between them. If the range of true values is small compared to the range
of measurement errors then the correlations will be low. Similarly, if the range of true
values is large compared with the range of measurement errors then the correlations
will be high (560). This is true no matter how good the agreement between the
methods is. This may explain why the correlations for some fatty acids, particularly
the PUFAs were low between the DH and the FR at baseline despite small
differences in their mean intakes. In these instances, the range of fatty acids intakes
between individuals was low due to the selective appearance of these fatty acids in
foods, while the measurement error was slightly higher. This is not surprising
considering the possibility of error in the coding and analysis of fatty acids using
limited food composition tables. In contrast 18:2, which is found in many foods and
tends to have a large range of intakes, presented with a low correlation, suggesting
that despite large ranges of intakes between individuals, measurement errors were
larger still. This is not surprising since it makes sense that the greater the number of
foods needed to accurately assess an individual nutrient, the larger the error when
composition tables are incomplete or derived from imputed values (438). This may
explain the failure to show a relationship with EPFa 18:2 where the literature has
supported such findings. In addition, the presence of outliers demonstrates the
difference in measurement by the two methods in some cases was sometimes very
large. Removal of these outliers improved correlation coefficients remarkably.
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Measures of agreement other than correlation coefficients have been used in the
present study. Plots of bias versus mean intake show us the magnitude of individual
within-person discrepancies and how these are affected by intake. The main
outcome variables for these plots are shown in Table 5.6 and systematic error
appears to be operating in the measurement of some nutrients. This systematic error
also appears to depend on the reference method in question. This provides some
clue that the error may not be entirely isolated with the DH method. Much of the
systematic error appears to be nutrient-specific as well. The fatty acid measurements
with test and reference method show in many cases, a positive association between
bias and intake i.e. subjects with higher fatty acid intakes presented with greater
overestimation by the DH relative to the reference. A possible explanation for this
may be that greater intakes are more difficult to recall. In addition, greater intakes
may indicate dietary variation, which can lead to discrepancies between habitual and
actual intake measures where certain foods are not included in a few days of
sampling. This was the case with 16:1, which showed a very strong association
between bias and intake when both the FR and the 24Rs were used for reference,
even though the associations were in opposite directions. The source of the
discrepancy was caused by chicken intake which, in the larger consumers, was
recorded in the DH, but not in the FR on the three days of sampling. The opposite
occurred with the 24Rs where chicken in large quantities appeared in the 24Rs, but
the mean intake was diluted by the habitual diet measured with the DH. Under
representation with the FR may also explain the positive associations between bias
and intake for the PUFA fatty acids, although it would also be fair to include possible
overrepresentation by the DH. Where EI was concerned, overestimation by the DH
occurred over a whole range of EI and was probably due to underestimation of EI
with the FR. This was not the case with the 24Rs, which showed overestimation at
higher intakes, indicating that it may have been those with high EIs measured with
the DH that tended to underestimate EI with the 24Rs. Where CHO and protein were
concerned, higher intakes of these nutrients may mean that past consumption is
difficult to recall resulting in overestimation at higher intakes.
Overall, the limits of agreement were wider when the DH was compared to the FR at
baseline than when compared to the 24Rs at the end of the trail. This was not
surprising given that intakes decreased with the DH and discrepancies between the
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24Rs and DH3 were reduced compared to baseline differences between the DH and
the FR. In this instance, the between-person variation in bias (within-person variation
in measurement) was reduced resulting in tighter CIs around the mean bias
indicating an improvement in accuracy (332). However, one has to consider that this
reduction in the gap between the DH and the reference may not be a positive thing if
the reference method was underestimating dietary intake to begin with.
There was no association between bias and total fat intake with either reference
method, although associations were shown for individual fatty acids, especially
PUFA. This is difficult to interpret since the accuracy of both test and reference
methods cannot be tested using criterion methods. It would be ideal if one was able
to determine if individuals were misreporting their fat intake using an objective
measure of fat intake that responds directly in the short term. Unfortunately, there is
no biochemical marker for absolute fat intake at present (150). The best a validation
study can do is to determine whether the expected associations were seen between
the dietary method and tissue fatty acids. Most comparative studies have examined if
the relationship exists and not if that relationship is reflective of the accuracy of the
test method (280, 287, 550). In the present study, it was thought that known patterns
of association can be drawn from the published literature on EPFa response to
dietary exposure. The ability of the dietary method to show the association should be
reflective of its ability to assess the fatty acid in question. The patterns of interest in
this study were the known associations between dietary long chain n-3 intake and
EPFa in ad libitum diets and not only in the presence of supplementation (171, 258,
266, 273, 280, 306, 309-313). The association between dietary 18:2 and EPFa was a
little more elusive with most associations shown in the presence of high doses of
18:2 and not in the ad libitum diet (289). Marine food intake should also show an
association with EPFa 20:5n-3 and 22:6n-3, (263, 313, 561). Since EPFa in the
present study was comparable to that of both international (253, 287, 550) and
Australian studies (295), measurement error in the determination of fatty acids was
not likely. Therefore, any lack of association between diet and EPFa was more likely
due to measurement error in dietary intake.
The results showed that 22:6n-3 measured with the DH was able to show a moderate
although significant association, with membrane 20:5n-3 and 22:6n-3. The FR,
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however, showed an association with membrane 20:5n-3, but not with 22:6n-3. In
addition, DH 20:5n-3 also showed a positive association with membrane 20:5n-3 and
22:6n-3. It has been shown that incorporation of 22:6n-3 is better than 20:5n-3 in the
erythrocyte membrane when intake of n-3 is low (290). If this is the case, then
membrane 22:6n-3 should be a better reflection of ad libitum diet than membrane
20:5n-3. This was shown here, with marine food intake showing a better correlation
with membrane 22:6n-3 than with 20:5n-3 for the DH. No association was shown for
the FR, which may be explained by a failure to sample marine foods in the three
random days of recording. The nature of the variability of fatty acid intakes (278) may
result in FRs not being able to rank individuals similarly to the DH. This explains
disparities in associations between the methods, which translates into an inability of
the FR to measure habitual long chain n-3 intake, which was of interest to
investigators who were concerned with background long chain n-3 intake.
Failure of dietary 18:2 from either method to show a relationship with EPFa 18:2 may
be due to the ubiquitous nature of 18:2 in food stuffs making it difficult to measure
and analyse in the diet (562). In addition, the ad libitum nature of the diet at baseline,
when it was compared to EPFa, may also have contributed. It has been shown that
dietary 18:2 presents with good correlations with EPFa when diets are controlled to
be high in PUFA (287), but these correlations were not so good in ad libitum diets
(289). In addition, the conversion of 18:2 to 20:4 is accelerated in men due to the
presence of testosterone (306). Large numbers of men in the present study may
have contributed to 18:2 elongation, which impaired the ability of EPFa 18:2 to reflect
the diet in this group.
It has also been shown in the past that dietary SFA correlates with membrane 18:1
(280). The present study did not show this. A possible explanation may be because
endogenous synthesis of 18:1 from dietary 18:0 only occurs in the presence of a low
fat diet in order to maintain a stable membrane composition (563) and in our case fat,
and, in turn, 18:1 intake was quite sufficient in the diet. It has also been shown that
dietary MUFA is associated with tissue SFA due to the likeness of their food sources
(306). This was shown with the DH where the MUFA composition of the diet was
positively associated with membrane 16:0.
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Many factors influence the specificity of the membrane as a marker of dietary fat
intake. Oxidation of membrane PUFAs may occur before storage, which is promoted
by haemoglobin in the red cell (307). Given this, erythrocyte membranes should be
prepared and frozen immediately after blood sampling. This was done within 3 hours
in the present study. Additionally, samples with a 20:4 concentration below 10% were
to be discarded in this study as it has been confirmed that low concentrations of 20:4
in the membrane result from samples that have undergone auto oxidation (280, 287).
There were no samples that exhibited low 20:4 concentrations in this group. Other
factors that may affect the specificity of the membrane as a marker for dietary fatty
acids are the in vivo metabolism of dietary fatty acids and endogenous production
(564), all of which cannot be controlled for.
Validity coefficients (ρ) confirmed the enhanced ability of the DH to measure 22:6n-3
intake. Published data of validity coefficients are rare, especially where fatty acids
are concerned. One study examining the validity coefficients of a FFQ, 24Rs and
adipose tissue fatty acids in 120 Costa Ricans, found that the validity coefficients for
the 24Rs were slightly better than those of the FFQ for 18:2 measurements and for
18:3 measurements (526). Both these fatty acids have been found to be well
reflected in adipose tissue (170). No other studies of this nature were found. The
presence of Heywood cases (ρ>1) in Bootstrap generated validity coefficients was
evident from the upper 95%CI. Heywood cases can result from the sampling
process, which does not take into account the relationship between the variables or
when the product of two sample correlations is greater than the third. This occurs
when the relationship between one of the variables with another is poor. In this case,
where 22:6n-3 was measured by both the DH and FR and in EPFa, the resulting
correlations were not good, especially for the FR and EPFa. Since the calculation of
ρDT uses the correlation of the FR and EPFa as the denominator in the equation, it is
not surprising that the upper 95%CI for ρDT was >1. Heywood cases can also result
from a violation of model assumptions thus overestimating the validity coefficients.
This was not likely between EPFa and the DH or FR since the errors are likely to be
independent, but cannot be ruled out for correlated errors between dietary
assessment methods (525). However, the correlation of errors between methods was
less likely in this case where the FR relied on quantification of amounts based on
subject-initiated weighing of foods while the DH was dependent on subject recall of
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portion size from photographs and models. In addition, the absence of recall
procedures and the biases of non-motivation and compliance in the FR meant that
FR error was in essence different to the DH error. It is more than likely that Heywood
cases were due to random sampling fluctuations, which are common during
resampling procedures (523, 525). In addition to the good validity of the DH method
in this context, it was also shown that the DH showed good reproducibility within the
trial. Despite the DH measuring decreased intakes over the course of the trial, the
drop in intakes occurred with the administration of DH2, which as said before may
have been in response to the intervention. DH2 and DH3 administered six weeks
apart presented with similar intakes at both the group and the individual level. The
low within-person differences were reflected in the high intraclass correlations, which
are usually high in the presence of low within-person variation (71). In addition, the
Pearson’s correlations coefficients between paired data did not differ much from the
intraclass correlation coefficients, something which has been shown to be desirable
in many reproducibility studies (43, 99, 381, 565). Since smaller, more intense
intervention trials and experimental studies are usually conducted over the short
term, the reproducibility over six weeks means that the DH is reliable for measuring
intakes over this time period, which means it is ideal for smaller prospective trials.
There are limitations to the present study, which cannot be ignored. Firstly, the
subjects participating in the study were entirely self-selected. They were people
concerned about their health and may have been more accurate reporters. However,
these individuals may also have been more susceptible to response set biases and,
perhaps, biases of social approval given they had certain expectations placed on
them by the study protocol. This was not the case in some validation studies where
cohorts participate only in dietary assessment with no associated intervention (95,
413, 441). Secondly, the lack of compliance in urine collection presented a problem
in which only 14 subjects supplied complete collections at all time points. In this
instance, the assessment of completeness of urine collection in this group may have
been better facilitated by PABA (513), thus informing the subjects that completeness
would be determined to which they would be reminded by the PABA dose three times
a day. This lack of compliance legitimises concerns over free-living measurements
made by the subjects, in particular with food recording. Although the expressed aim
of this study was to examine performance in a smaller sample participating in an
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intervention trial, one cannot ignore the loss of sensitivity introduced by the sample
size. It has been said that validation studies of dietary assessment methods should
have over 100 participants (62), however, this is not conducive to many smaller
studies, which have time and cost constraints. In addition, accuracy at the individual
level can still be assessed using methods other than correlation coefficients and
adjusting the 95%CI to suit the sample size (332). Mean differences of less than 10%
in this sample were still significant. Another possible limitation of this data could be a
failure to achieve blinding in groups since oils containing long chain n-3 of marine
origin have distinct post-prandial effects, which can be tasted. In this instance, Group
D may have realised they were taking the 22:6n-3 capsules and were likely to see
results. This may have prompted fewer reports of unhealthy foods and may explain
why they contributed more to systematic error at the end of the trial than Group O,
underestimating with the DH at higher intakes of fat and SFA. Lastly, error introduced
by coding and analysis of dietary data is real and was likely to have been introduced
through the perceptions of the dietitian towards food intake, the use of incomplete
food composition tables and the use of average values for energy and many nutrients
in composition tables. In addition, the limited capability of the current nutrient analysis
software in Australia means that individual data have to be entered by hand into the
statistical software introducing another possible source of error, although data was
checked three times by two different individuals.

5.5. Conclusion
This study has shown that the open-ended, structured DH interview provided good
estimates of energy and macronutrient intake and was reproducible in this sample of
middle-aged to older Australians participating in a dietary supplementation trial.
Additionally, the interchange ability of the DH with the FR or the 24Rs was better
facilitated for macronutrient proportions than for absolute intakes, which were shown
to be underestimated by the reference methods. The contextual nature of reporting
has been reiterated with the sample group responding to dietary methods in different
ways during the trial. The findings of the criterion validation with respect to the FR
and 24R, show that in situations where subject burden is a factor, the accuracy of
data, which is dependent on the free-living nature of the subjects, can be
compromised.
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6. Relationship of hair shaft and sebaceous fatty acid composition with dietary
fatty acids measured using a diet history and a weighed food record: results
from a pilot study

6.1. Introduction
Biochemical markers of fatty acid intake provide an objective measure of dietary fat
composition (150). Despite their inability to supply information on absolute fat intake,
they are valuable markers for changes in essential fatty acids in the diet, possibly
through dietary manipulation and/or supplementation. Previously it has been shown
that various human tissues, namely adipose tissue and serum lipid components,
have the ability to reflect dietary fat intakes with varying rates of incorporation.
However, the within-person individuality of the metabolism of these fatty acids is
likely to affect their specificity as markers. In addition, the inability of the tissues to
provide clear relationships with MUFA and SFA fatty acids has meant that markers
for the aforementioned are still elusive.
Given the current interest in the role of fatty acids in the aetiology and prevention of
disease where the saturated fats are seen as the cause and the unsaturated fats as
protective, the assessment of diet in studies of the diet-disease relationship needs to
produce valid results. Since much is based on self-report and, in many studies, crude
measures of dietary intake, an objective measure of fat intake would be welcome as
an adjunct to reported intakes.
Since hair has been shown to reflect dietary micronutrient intakes (566-570) as well
as toxic elements present in the blood (571-574), it was hypothesised that nonutilised circulating fatty acids may be incorporated into the hair shaft or into the
sebum on the surface of the hair shaft. It has been shown in the past that cholesterol
and total lipid content (575) and the unsaturated fatty acids, 18:1, 18:2 and 18:3n-3
(517) in hair were highly correlated with their respective serum levels. Comparisons
between normocholesterolemic and hypercholesterolemic mice showed that in both
groups cholesterol in hair was strongly related to serum cholesterol levels (518) but
analysing data from hair has not allowed one to distinguish between normocholesterolemic and hypercholesterolemic individuals (576). In addition, Mogos et al
showed that hair glucose, proteic sulphur and amino acids were directly related to the
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HbA1 status of men and women with Type I diabetes mellitus (577). Whether dietary
factors affect the lipid composition in hair and sebum remains to be seen.
Wertz et al have performed investigations on various mammalian species to identify
the lipids, which are found in hair (578). They found that fat in hair lipids are
covalently bound. These lipids are attached via thioester linkages to protein on the
outer surface of the cuticle cells (579). One study of porcine samples showed the
abundant fatty acid to be 21:0 or 18-methyleicosanoic acid, of which the mechanism
of production is still unknown (579). Table 6.1 taken from a study conducted by Wertz
et al in several mammalian species shows the concentration of covalently bound
lipids in hair (580)
Table 6.1: Composition (weight %) for covalently bound lipids from hair in several mammalian species (580)
Chain length

Human

Sheep

Pig

Dog

Cow

14:0

0.8

0.6

0.5

0.6

1.7

15:0

0.4

0.3

0.4

0.4

0.7

16:0

18.3

17.3

15.6

15.2

18.6

16:1

1.9

1.9

4.9

4.6

0.8

17:0

1.9

1.0

0.2

0.1

0.7

18:0

3.9

10.2

9.8

13.6

8.7

18:1

7.3

5.2

8.5

5.5

6.6

19:0

3.5

0.3

0.3

0.6

0.7

20:0

8.8

2.5

2.3

2.4

3.4

21:0

40.5

47.6

42.2

41.3

38.4

Others

8.8

4.7

7.5

5.5

9.9

As was pointed out in their publication, it was striking how uniform the composition of
hair lipids was across the species, which may mean, since the species consume
different diets, the lipids were not reflective of dietary intake. However, sebaceous
lipids or lipids in the sebum of the different species have been shown to be different.
Dog sebum was found to contain predominantly branched chain lipids (581) while
that of the cow was very straight and saturated (582). Human sebum has been
shown to consist of a mixture of both saturated and unsaturated chains with various
proportions of branching (583). Whether these differences are reflective of dietary
intake is unknown. In addition, these data only represent the lipids that are covalently
bound. Total fatty composition of hair in healthy individuals shows an entirely
different profile. In another study by Gershbein et al (584) the abundant fatty acids
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were shown to be 16:0 and 18:1 while 21:0 was contributed only a small percentage
to hair fatty acids.
The aim of this pilot study was to examine the relationship between dietary fat
composition and both hair and sebaceous lipid composition i.e. are corresponding
fatty acids from the diet and the hair or sebum related This study was not designed to
validate the dietary data, but rather to 1) determine if hair fatty acid composition is
related to corresponding dietary fat composition over one month of intake measured
with a validated DH and 2) to determine if sebaceous fatty acid composition is related
to corresponding dietary fat composition over a few days as measured with a 4-day
weighed FR. This study did not aim to examine the complex metabolism of fatty acids
in the body, but rather to give insight into the potential for either hair or sebaceous
lipid to act as a marker for one or more dietary fatty acids.

6.2. Methods
This study was a cross-sectional analysis in an Australian cohort from the Illawarra
region of New South Wales. Subjects were recruited through internal email groups at
the University of Wollongong. The subjects were questioned as to their age and
health status. Individuals under the age of 18 years and over the age of 55 years or
having Type I or Type II diabetes mellitus were not included in the study. In addition,
individuals taking medication for lipid abnormalities were not included. Men and
women who had coloured or bleached their hair in the last month were not allowed to
participate as investigators were unsure of the effect of the chemicals on the
composition of hair lipid. Hair dyes and bleaches have been shown to affect the
structure of proteins in hair (585), but the effect on fat is unknown. The study protocol
was approved by the University of Wollongong Human Research Ethics Committee.

6.2.1. Clinic visits
Subjects attended a dietary interview at the metabolic unit with GM, where height and
weight were measured as in 2.1.1 and 2.1.2 respectively. A structured DH was
administered as in 2.2.1.2. Subjects were to return to the unit one week later having
completed a 4-day weighed FR as in 2.2.2.2. They were given a FR package as in
2.2.2.2, which contained an instruction booklet outlining what was required from them
for their next visit. After one week subjects returned to the unit having completed their
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FRs, which were collected and checked by the dietitian for errors in recording and/or
omissions. Blood samples and hair samples were collected at this visit. Dietary data
was coded by GM and Michelle Stenhouse (MS), a dietetics student at the University
of Wollongong as in 2.2.4 using the same principles as in 5.2.6.

6.2.2. Blood samples
Blood samples were taken in the morning after a 12 hour fast as in 2.5. Subjects
were allowed to drink water during the 12 hours prior to sampling, but were not
allowed to do any vigorous exercise 24 hours prior to sampling. Blood was collected
by EK from the antecubital vein of the arm using aseptic blood sampling technique.
One EDTA tube was filled (9mL). Tubes were placed on ice until centrifuged at
3500RPM (32R Centrifuge, Hettich Zentrifugen). Analysis of blood samples was as in
2.5.1 for erythrocyte membrane phospholipid fatty acid composition (EPFa) and 2.5.2
for plasma fatty acid composition (PFa).

6.2.3. Hair samples
Finding literature in which fat from hair was extracted and measured proved difficult.
A few papers were found, which used different methods. The challenge was to
extract the fat from within the hair shaft. GM, AO and EK compared two methods of
analysis 1) butanol refluxing of the hair samples (586) and 2) rotation in
chloroform:methanol for several days (517, 578, 580). The results were similar,
however, butanol refluxing required hours of preparation for each sample and
shortages of equipment and time led GM and AO to conclude that rotation in
chloroform:methanol would best fit within the research constraints. It was also
decided that the hair would be washed with petroleum spirit prior to rotation to wash
any sebaceous excretions off the hair shaft (587, 588). The resulting fat in the solvent
would be analysed for sebum fatty acid composition (SebFa).
Analysis of the hair samples was done by GM, EK and Beata Peter-Pryxborowska
(BP) and follows that of 2.5.3, 2.5.3.1 and 2.5.3.2.
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6.2.4. Statistical analysis
Data were analysed using SPSS Version 11 (545). All data were log transformed to
improve normality. A value of 0.1% was fixed during transformation for serum, hair
and sebaceous fatty acids since many were undetectable. Paired dietary intakes
from the DH and FR were compared using t-tests and the linear relationship was
assessed using Pearson’s correlations, both crude and adjusted for energy using the
residual model as in 2.7.3.1. Since the comparison between the DH and the FR was
not central to this study, correction for within-person dietary intakes was not
performed. Instead, the Pearson’s correlation was used as a crude index of the
relationship between paired data. Fatty acids in the serum were compared to hair
fatty acids using Pearson’s correlations since the measures were both expressed as
proportions. Since the literature has shown that it is not ideal to compare a
percentage (fatty acids in hair and sebum) to an absolute amount (dietary intake) the
method by Acheson and Bacon-Shone was applied where the dietary fatty acid was
regressed on the logit of the proportion of the fatty acid in the hair and sebum (548).
This was performed for absolute fatty acid intake and for dietary fatty acids
expressed as a percentage of dietary fat.

6.3. Results
Thirty seven individuals who met the eligibility criteria were invited to participate in
the study. One individual dropped out before blood sampling and another was unable
to provide a hair sample. Thirty five individuals completed the protocol. Ages ranged
from 18 to 55 years with a mean age of 37 ± 11 years. The mean weight was 72.0 ±
12.9kg and ranged from 52.8 to 109kg. Mean BMI was 25 ± 4kg/m2 with a range of
19 to 33kg/m2. The range of adiposity was large with the lowest being 10% of body
weight from fat and the highest having 42.5% body fat. Mean %BF was 29.3 ± 8.0%.
Mean FM was 21.3 ± 7.8kg and FFM was 50.7 ± 9.8kg.
Mean dietary intakes for all individuals are shown in Table 6.2. Dietary variables are
shown as absolute amounts and MUFA, PUFA and SFA are expressed as a
percentage of dietary fat (%MUFA, % PUFA and % SFA). PUFA, total n-6, 22:6n-3
and alcohol were significantly greater with the DH. All other absolute variables
showed no significant differences between DH and FR. The percentages of MUFA
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and PUFA from fat were significantly greater with the DH and SFA was significantly
greater with the FR suggesting that the composition of fat measured with the two
instruments differed.
Table 6.2: Macronutrient and fatty acid intakes as measured with an interview DH and the 4-day weighed FR and Pearson
correlations on both log transformed and energy adjusted paired data in 35 healthy individuals
Dietary variable

DH

FR

r

Energy (kJ)

9801 ± 2531

9217 ± 2203

0.72

Protein (g)

101.77 ± 24.93

96.49 ± 30.84

0.67

0.62

Fat (g)

79.25 ± 27.20

76.05 ± 25.19

0.64

0.55

SFA (g)

26.28 ± 11.40

27.86 ± 10.95

0.58

0.59

16:0 (g)

14.77 ± 5.41

15.15 ± 5.43

0.70

0.66

18:0 (g)

6.25 ± 2.82

6.63 ± 3.09

0.60

0.56

31.36 ± 12.18

28.17 ± 9.83

0.65

0.52

MUFA (g)

radj

16:1 (g)

2.15 ± 1.54

3.53 ± 3.30

0.59

0.64

18:1(g)

28.23 ± 10.91

26.28 ± 10.14

0.58

0.41

PUFA (g)

14.41 ± 7.03

12.56 ± 5.68*

0.61

0.50

Total n-6 (g)

12.99 ± 6.93

11.01 ± 5.43*

0.58

0.45

Total n-3 (g)

1.58 ± 1.24

1.55 ± 0.95

0.42

0.38

18:2 (g)

12.84 ± 6.87

10.90 ± 5.42

0.58

0.46

18:3 (g)

1.25 ± 1.15

1.16 ± 0.75

0.39

0.33

20:4 (g)

0.09 ± 0.05

0.09 ± 0.08

0.52

0.55

20:5 (g)

0.11 ± 0.17

0.15 ± 0.24

0.55

0.55

22:5 (g)

0.03 ± 0.03

0.04 ± 0.05

0.50

0.50

22:6 (g)

0.18 ± 0.18

0.34 ± 0.85**

0.29

0.29

CHO (g)

282.50 ± 77.16

261.15 ± 68.96

0.59

0.42

Alcohol (g)

14.08 ± 15.45

11.54 ± 13.61**

0.75

0.71

% MUFA

43.29 ± 4.27

41.11 ± 4.78*

0.19

0.19

% PUFA

20.20 ± 5.59

18.71 ± 4.85*

0.63

0.63

% SFA

36.54 ± 7.88

40.62 ± 7.54**

0.60

0.59

** Significantly different to DH at P<0.01
* Significantly different to the DH at P<0.05

Pearson’s correlation coefficients ranged from 0.19 for % MUFA from fat to 0.75 for
alcohol. Energy adjusted correlation coefficients were generally lower than crude
correlations, but not substantially, suggesting that the between-person differences in
EI were not large. The low correlations seen for 22:6n-3 and % MUFA from fat
coupled with significant differences in means from the two methods indicate that the
DH and FR were not measuring similar values overall for these nutrients. In general
the correlation coefficients for paired data were not good, which suggests that there
were discrepancies within individuals when nutrients were measured with the two
212

methods. This is not unexpected since the DH is a measurement of usual intake and
the FR captures dietary intake at a moment in time.
Table 6.3 shows the values for PFa, EPFa, HFa and SebFa. The most abundant fatty
acid in plasma was palmitic acid (16:0), which was closely followed by oleic acid
(18:1). In the erythrocyte, the most predominant fatty acid was also 16:0, followed by
palmitic oleic acid (16:1) and then 18:1. The table also shows that the predominant
fatty acids in the plasma and erythrocyte were similar to that of both hair and sebum
(16:0 and 18:1). There were very low levels of the unsaturated fatty acids in the hair
and the sebum, particularly the long chain PUFAs. This was consistent with work
done by Gershbein et al (584), who did not present the long chain fatty acids in their
publication due to lack of detectable results.
The data showed large numbers of undetectable fatty acids in all four mediums,
which meant that correlation or regression was not possible in most case as either
one or all pairs contained undetectable fatty acids in large proportions. For analyses
that were possible, there were no significant associations of corresponding plasma
and hair or sebum fatty acids (Table 6.3). This was true too of erythrocyte membrane
fatty acid, where no significant associations were shown for corresponding hair or
sebum fatty acids. The standardised beta coefficients for the regression of diet,
measured with both the DH and FR on both hair and sebum also did not show
significant associations between corresponding fatty acids from the diet and from hair
or sebum.
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Table 6.3: Composition of plasma, erythrocyte membrane phospholipid, hair and sebum fatty acids on 35 healthy individuals, correlations between serum and hair levels of fatty acids and
standardised beta regression coefficients for the regression of dietary fatty acids measured with a DH and FR on the logit of the proportion of fatty acids in both hair and sebum
Gershbein et
al (584)

Fatty acids (g/100g fatty acid)

14:0 (myristic)
15:0 (pentadecanoic)
16:0 (palmitic)
18:0 (oleic)
16:1 (palmitoleic)
17:1 (heptadecanoic)
18:1(oleic)
18:2 (linoleic)
18:3n-6 (γ-linolenic)
18:3n-3 (α-linolenic)
20:0 (arachidic)
20:2 (eicosadienoic)
20:3 (homo γ-linolenic)
20:4 (arachidonic)
20:5 (eicosapentanoic)
22:0 (behenic)
22:5 (docosapentanoic)
24:0 (lignoceric)
22:6 (docosahexanoic)
24:1 (nervonic)

PFa

EPFa

HFa

SebFa

HFa

0.47 ± 0.68
0.00 ± 0.00
23.14 ± 3.91
7.05 ± 0.83
3.31 ± 1.10
0.00 ±0.00
21.51 ± 3.16
28.86 ± 4.28
0.19 ± 0.60*
0.08 ± 0.27*
0.33 ± 1.15*
0.27 ± 1.01*
1.32 ± 0.81
7.14 ± 1.41
0.44 ± 0.70
0.02 ± 0.14*
0.00 ± 0.00
0.31 ± 0.52
2.48 ± 0.80
0.93 ± 0.63*

0.00 ± 0.00
0.00 ± 0.00
22.45 ± 1.17
16.62 ± 0.92
0.06 ± 0.25*
0.00 ± 0.00
13.17 ± 0.97
0.63 ± 0.80
9.66 ± 1.35
0.07 ± 0.40
0.00 ± 0.00
0.22 ± 0.63*
1.08 ± 1.03
15.92 ± 1.34
0.15 ± 0.46*
0.86 ±0.95
2.25 ± 0.98
5.43 ± 0.75
5.61 ± 1.19
5.81 ± 0.73

7.21 ± 1.36
4.82 ± 0.90
22.54 ± 3.88
8.79 ± 2.65
17.33 ± 5.04
2.87 ± 1.17
16.30 ± 4.11
2.67 ± 1.12
0.26 ± 0.59
0.15 ± 0.60*
1.28 ± 1.04
0.86 ± 0.57*
0.25 ± 0.56*
0.00 ± 0.00
0.04 ± 0.15*
1.32 ± 0.59
0.00 ± 0.00
1.36 ± 0.58
0.04 ± 0.23*
0.00 ± 0.00

7.57 ± 1.45
6.53 ± 1.38
26.09 ± 2.96
3.97 ± 1.73
20.51 ± 4.31
3.15 ± 0.72
13.00 ± 3.05
1.68 ± 0.93
0.55 ± 0.53
0.00 ± 0.00
1.04 ± 0.11
0.81 ± 0.72*
0.56 ± 0.70*
0.00 ± 0.00
1.58 ± 0.73
0.32 ± 0.42
0.29 ± 0.54*
1.29 ± 0.81
0.00 ± 0.00
0.00 ± 0.00

7.99 ± 3.23
3.24 ± 5.42
27.60 ± 5.70
7.23 ± 2.54
12.94 ± 7.76
n/a
24.39 ± 7.09
1.89 ± 1.50
n/a
n/a

Correlations
PFa vs
HFa
0.02

PFa vs
SebFa
0.14

0.00
-0.12

0.04
-0.13

-0.15
0.06

0.19
-0.13

-0.03
0.12
-0.08

0.21
-0.17
-0.15

0.02
0.02
-0.13

-0.03
-0.23
-0.03

-0.13
0.03

0.02
0.02

-0.00
0.24
0.14

-0.05
0.10
0.15

0.03
0.10

0.01
-0.11
0.12

0.07
0.18

0.04
-0.02
0.20

-0.10

-0.07

-0.06

0.02

0.22

0.22

-0.03

-0.11

0.50 ± 0.70
n/a
n/a
n/a
n/a

0.08

0.54 ± 0.67
n/a
1.98 ± 1.66
n/a

EPFa vs EPFa vs
HFa
SebFa

Regression (Standardised Beta
Coefficient)
DH vs
DH vs FR vs FR vs
HFa
SebFa
HFa
SebFa

0.21

0.31 ± 0.62

* Mean calculated with a few values greater than zero and the majority of cases showing undetectable levels of fatty acids
Note: blank cells indicate instances where one of the paired variables contained largely undetectable values.
n/a denotes not available from publication
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0.12

6.4. Discussion
The aim of this study was to examine if there was a relationship between dietary fatty
acids measured with a DH or a 4-day FR and the corresponding fatty acid
concentration in both hair and sebaceous lipids. This study has shown that both hair
and sebum fatty acid concentrations do not reflect dietary levels of corresponding
dietary fatty acids. Instead, there is a complex physiological incorporation of fatty
acids into hair and sebum, which does not seem to reflect serum levels either. In this
case, many of the measured fatty acids showed largely undetectable levels since the
gas chromatograph used in this study had a detection level, which may have been
too low for this analysis. Given this, paired analyses in some cases were not
possible.
There are few papers examining hair lipids. Some examine one class of covalently
bound lipid (578-580) and others total lipid (517, 575, 584). The levels shown to exist
within the hair of children (598) showed a similar fatty acid profile to that of the
subjects participating in the present study. This was of importance, especially where
a new technique was trialled. In this case, the method for the extraction of the lipid
from hair was based on the literature, but was adapted to fit within the confines of the
research timeline and current capabilities of the laboratory. Where the levels of fatty
acids measured show similar patterns of composition to another published work
(598), there is some confidence that the results are not flawed.
There was little, if any, long chain PUFA in the hair or sebum. Lack of PUFAs may be
due to enzyme activity occurring in the dermis where the metabolism of PUFAs is
active (589). Perhaps, hair lipid would be a better indicator of dietary change than of
habitual diet. Supplementation with oils or dietary change may be indicated by
changes in hair over time. A Romanian study showed that the composition of hair
lipids shifted slightly with time as the sections analysed moved further away from the
scalp (517). Certainly, levels of cholesterol in hair have shown relationships with
serum cholesterol (575). In addition, a laboratory specialised in detecting small
amounts of fatty acids with a higher level of detection may have yielded useable
results, which may or may not have shown a relationship with diet. Further research
is required to determine if hair may indeed be a non-invasive technique for
measuring compliance with dietary fat regimes over time, something which was not in
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the scope of the present pilot study. Sebum production has also shown to be affected
by caloric deprivation. Obese individuals following low calorie regimes had a 40%
reduction in sebum production (587). This may be another possible avenue for
research where low energy diet regimens are prescribed and self reported
compliance is biased. In addition, hair may prove to be an indicator of particular food
intake rather than nutrient intake. Further research in this area is warranted.

6.5. Conclusion
There was no significant relationship between dietary fat intake and the fatty acid
composition of both hair and sebaceous secretions. This study showed that hair or
sebum lipid composition cannot be a used as a marker of habitual fatty acid intake.
Further research will show whether hair and/or sebum can be used as a non-invasive
objective indicator of compliance to changes in dietary intake over time.
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7. Concluding remarks

The highest level of evidence for the establishment of the relationship between diet
and disease is the randomised controlled trial. Since health professionals and
academics rely heavily on their reported findings for evidence-based practice,
research and public health recommendations, the data generated from these clinical
trials needs to be both valid and reliable. In saying that, the measurement of diet in
this instance is of extreme significance. Measuring dietary intake with a blunt
instrument can potentially affect research outcomes when issues concerning
compliance are not addressed early on in the research protocol. In clinical practice,
the measurement of dietary change is facilitated by dietary interviews and perhaps
food diaries or telephone recalls, however, it is unknown as to how these instruments
perform, and although the data collection is of a less rigorous nature, treatment relies
on that data. In addition, the use of self-selected individuals in clinical studies with a
possible interest in nutrition as opposed to a randomly chosen sample for a
population study means that biases not affecting population surveys are introduced in
this context.

The clinical trial is essentially a highly controlled form of clinical practice. In this
context, subjects are likely to behave differently to when they participate in a low
intensity population study. Individuals are prone to biases of poor compliance, known
to occur with intense research protocols. Since this is the case, the examination of
the methods used to assess diet and eating patterns, is important for determining the
degree to which these biases affect measurement outcomes. Even in this instance,
as was shown in Chapter 5, highly controlled research cannot control individual freeliving aspects of the trial i.e. dietary intake and recording. In such instances, the
extensive care taken with study protocol and design does not compensate for invalid
dietary data. Where this occurs, adjustments have to be made, but the source of the
error must be known. This can only be done with context-specific validation
procedures.

The DH method, although time-consuming and expensive, has proven to be an
accurate and reliable method for estimating dietary intake in adults participating in
clinical studies. Certainly, an investment should be made in their use for clinical
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studies relying on dietary intake as a primary or even secondary outcome. There are
a number of discussion points that have been highlighted in this thesis with respect to
both validation of dietary assessment methods and the performance of the DH
method itself.

In Chapters 3 and 4 there was no specific control by this author over the quality of
data collection, since the data was provided retrospectively for use in this thesis. In
addition, there was no allowance for the candidate to influence the research protocol
in which biomarkers of dietary intake could potentially be collected for validation
purposes. In these instances, the DH method was compared to a 3-day FR, which
was used as a reference method for measuring dietary intake. Since the FR
incorporates a different error to that of the DH it has been purported to be a “gold
standard” measure of dietary intake, but many studies found the FR to underestimate
both energy and macronutrient intake and numerous research papers report on the
biases associated with food recording. In Chapter 5, it was shown that the FR
method was underestimating dietary intake in free-living individuals causing
discrepancies between paired data measured from a DH and FR. In this case, based
on the comparisons with the reference method, the DH might be considered invalid. It
was only after biomarker comparisons that the direction of the findings changed from
the DH to the FR for poor accuracy.

There are many studies that have compared the DH and FR, only to find the DH
overestimated intakes, but then there are others that have shown it to underestimate
dietary intakes when compared to the FR. This was also shown in this thesis where
the DH in Chapter 3 was shown to underestimate energy intake and probably
absolute nutrient intake in some instances (data not provided for this thesis), while
shown to overestimate in Chapter 5. This is an example of results being affected by
context i.e. where the DH was underestimating intake in men and women with
diabetes mellitus; it was overestimating in healthy men and women with high
cholesterol, both groups of similar age and intervention circumstances. Indeed, the
FR may have been the method introducing bias in the men and women with diabetes
mellitus causing the discrepancy in paired data. Without an objective marker of
dietary intake it is difficult to know, but since criterion methods showed them to be
underestimating EI with the DH (EI:BMR), it is likely that this was a true reflection of
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what was happening with the DH method in this sample group. It has already been
shown that the FR possibly introduced the bias in the supplementation study in
Chapter 5 and similar results were shown for the telephone-administered 24R.

This thesis supports the contextual specificity of validation study results. Changing
one factor in a trial (dietitian, food coding, subject characteristics, disease state,
intensity of the intervention, reference methods and study protocol) can affect the
validity of the dietary assessment method. This highlights the importance of
validating dietary data in context. The lack of evidence for the performance of dietary
assessment methods in clinical studies is of concern. This thesis has shown that
validations should be done for any study basing outcomes on dietary data measured
using one or more of the methods mentioned in this thesis.

This thesis also supports reports from the literature regarding subject characteristics
associated with misreporting of dietary intake. It was shown that body fatness and
accuracy of reporting were negatively correlated, especially where subjects were
reporting foods containing SFAs. In addition, underreporting of EI was more likely to
occur in the larger individuals. An interesting observation was the individual
specificity of the phenomena of underreporting. Those who underreported in one
method, tended to underreport with others. It was not necessarily a method-specific
phenomenon and in this instance, although there tended to be differences in the
numbers underreporting with different methods, it was clear that in most cases
underreporting with one method meant underreporting with another.

The determination of underreporting was also of interest in this thesis. Both Chapters
3 and 4 used the Schofield equation to calculate BMR for lack of other variables for
calculating BMR. Studies have shown that Schofield overestimates BMR in
Australians, but without measures of fat free mass or physical activity data, reliance
on generic cut-off limits and perhaps, inappropriate measures of BMR has meant that
these results had to be treated with caution. Following the lack of data from Chapters
3 and 4, measures of fat mass and fat free mass were collected in the study
presented in Chapter 5 and it was shown that BMR was indeed, lower when
calculated using fat free mass as a predictor of BMR. This has implications for the
earlier findings on misreporting. In this thesis it was shown that the degree of
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underreporting was more severe when the Schofield equation was used to determine
BMR. In addition, the lack of data on physical activity reduced the specificity for
identifying underreporters correctly. Ideally, ventilated hoods or whole room
calorimetry should be used to determine BMR, however, in the absence of these
measures this thesis supports the collection of data on fat free mass in clinical
studies.

In an ideal world, all dietary studies would have access to the time, funds and labour
to validate their dietary methods as the study progresses. Retrospective data means
variables for examination cannot be controlled and important aspects of validation
are not available due to failure to realise their importance during data collection.
Researchers should invest in validation studies and should budget for it. Essentially,
for an assessment method to perform in clinical studies, it must have the ability to
measure dietary change. This ability can only be determined when and if dietary
change occurs. For this to be measured, the method has to be examined in the
context of the clinical trial. More importantly, it seems that these validations should be
thought out in a similar fashion to the trial protocol to ensure that the relevant
variables are measured throughout the trial. In other words, the use of biomarkers of
dietary intake, which are of importance, should be included in the protocol before trial
commencement to avoid regrets later.

Comparisons between two dietary assessment methods are no longer acceptable in
isolation and the literature certainly supports the methods used in this thesis to
objectively examine the DH method. The use of multiple statistical techniques to
assess the different aspects of validity and reproducibility has allowed for the DH’s
strengths and weaknesses to be exposed. This will make for better accuracy for
future research where this form of open-ended DH is used. Of note, is the openended nature of the DH examined in this thesis. As discussed, the DH can take many
different forms and the open-ended DH is still only one of them. The relevance of this
type of DH in clinical research is the personal nature of the method, which is
administered by a trained dietitian and its compatibility with the clinical practice
system where patients can talk about their diet and negotiate for dietary change. This
is probably the reason why it is so widely used in clinical practice albeit in a less
rigorous form than in research. This thesis has examined both a narrative form open220

ended interview DH and a structured open-ended interview DH. It is difficult to
compare their performance since the earlier studies, where the narrative DH was
compared to the FR, were unable to provide information as to the accuracy of the
FR. This essentially meant that the performance of the narrative DH was only as
good as the data from the 3-day FR. Since this was not the ideal situation, more
objective data was sought in the study presented in Chapter 5, which showed that
the FR and the 24R were indeed underestimating dietary intake.

In all three studies, the DH method was able to measure both energy and
macronutrient intake with enough accuracy to assess the outcomes of the
interventions (dietary change) with confidence. Despite the level of underreporting in
the men and women with Type II diabetes mellitus, the use of the nutrient density
model, which dilutes the effect of underreporting, resulted in no discrepancy between
paired data at the group level. In the healthy individuals, who also participated in a
dietary fat manipulation trial (Chapter 4), the DH, although showing different patterns
of bias to the sample group with diabetes, was shown to be valid for measuring
energy and macronutrient intake when compared to a reference method. In both
these instances UN would have been an interesting adjunct to the measurement of
dietary intake.

Interestingly in Chapter 3, the DH was performing at a reasonable level of accuracy
to conclude that it was valid in that sample group, however, when the same DH was
examined in healthy individuals in a more intense trial, the DH appeared to perform
at a slightly higher level. The performance of a dietary assessment method should be
examined on many levels in many contexts using various statistical techniques to
obtain a global evaluation of its performance. Chapter 4 showed that dietary
assessment methods cannot be examined one-dimensionally, but rather should be
looked at from a number of angles. Retrospective analysis of dietary data can be of
extreme significance in this regard where method performance can be compared
between studies.

This thesis has also shown that the DH method does provide valid and reliable
estimates of macronutrient and energy intake in a number of groups of adults who
participated in clinical dietary studies. Although the degree of accuracy differed
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among the groups, the DH method was able to provide good data in all three
instances.

The three studies examining the interview DH method support the hypothesis that the
DH is able to provide valid and reliable data on self-reported macronutrient and
energy intakes for use in dietary intervention research in small groups of adults.

7.1. Recommendations arising from this thesis
The data from this thesis support a number of recommendations for choosing dietary
assessment methods in intervention research. These recommendations include:
considering the context in which the method is to be administrated; reading the
literature on the potential pitfalls of each method and deciding which method is best
suited to minimising biases associated with the particular sample group under
investigation; considering both cost and time and maximising collection of dietary
data to fit within those constraints.

The data from this thesis also supports validating dietary methods within the context
of the research so that the full magnitude of biases affecting those with a high subject
burden can be assessed and then corrected for. This is especially important where
dietary variables are primary outcomes of the intervention. Findings from this type of
research can inform clinical practice. In the case of this thesis, data showed that
when assessing the dietary intakes of larger individuals or people with diabetes, one
is likely to come across a high degree of underreporting. This has been shown
previously in larger studies, but the evidence is intervention research is little. In
addition, investigators should also make use of objective markers of intake to ensure
that the reference method is measuring intakes satisfactorily in the group. If subject
burden is high, perhaps, informing subjects that creatinine tests will be performed on
their samples to determine the completeness of the urine collection will encourage
compliance with urine tests. This was a limitation of the study in Chapter 5 of this
thesis where subjects were not aware that completeness was to be tested post
collection.

One recommendation arising from this thesis is of importance. Although the literature
may inform on the validity of a method in a particular group, it will not work in the
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same way in another group. When using dietary assessment methods for
intervention research, the performance of the method should always be assessed. It
is recommended that tests of performance be carried out using both relative and
criterion methods. Using measures of absolute intake like that of energy expenditure
or urine nitrogen should accompany relative comparisons to obtain an objective view.
It is also recommended that the reference methods too be examined objectively to
determine their accuracy, especially in free-living individuals.

This thesis also showed that validation studies should practice caution when
assessing underreporting using the EI:BMR ratio where BMR is calculated using the
equation of Schofield et al (178). This estimation of BMR has been shown to
overestimate BMR, which then overestimates the degree of underreporting at both
the group and the individual level. This can be potentially damaging in a validation
study where the overestimation of underreporting can lead to a conclusion that the
method is more flawed than in reality. Measures of FFM are cheap and easy to
administer and should be investigated for use in calculating BMR for individuals. FFM
has been shown to more accurately determine BMR than the Schofield equation
(553). In addition, the use of study-specific measures of physical activity and withinperson variation should be used, if possible, to calculate the cut-off for implausible
energy intakes. This will ensure the specificity of the cut-off to the particular group in
the study and will paint a better picture of the degree of underreporting of energy
intake in that group.

Studies have also shown that determining the context of eating in a dietary
assessment method can aid in recall (30). This was shown in this thesis where the
structured diet history was able to assess intake well due to the inclusion of
contextual questions regarding food intake. This helped the subjects to recall where
they were when they consumed the meals and this prompted memory of foods
included in the meal. This should also be considered when dietary assessment is
administered in clinical practice. In addition, the assessment of the sequence and
and combination of foods within meals also aided in recall during the structured diet
history. It is recommended that this approach be used when the accuracy of dietary
data

is
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for

both

research
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practice

outcomes.
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Appendix A: The interviewer-administered, open-ended, non-structured diet history
method
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UNIVERSITY OF WOLLONGONG
SMART FOODS CENTRE

Diet History Interview Protocol
The purpose of the diet history is to obtain an account of a person's usual food
intake.

Structurally it takes the form of a description of meals consumed

throughout the day, with a food frequency cross-check (Burke,1947). One way
of looking at the first component is that of a story with a beginning(usually
breakfast) and end (usually supper). Using the narrative approach to taking the
history means that the participant is given the opportunity to finish her/his story
first before she/he is asked any more questions. In this way the flow of the
participant's information-giving is not interrupted and she/he is able to mention
aspects which are seen as relevant in this context. Additional comments (not
necessarily on food per se) made during this description may provide some
insights for further questions or discussion later on. In introducing the diet
history, reference is made to the notion of 'usual', meaning within the last
couple of months, and of a time sequence for the description, such as the
duration of the day. Participants are asked to provide a general description and
then point out variations to the pattern.

Interview schedule
•

Explain the purpose of the interview. Advise the participant that you are
seeking a description of usual eating patterns and suggest she/he start with
the beginning of the day.

•

If the participant begins with the first meal of the day and uses time
references or meal sequences of the day to progress with the description
do not interrupt the story, merely indicate that you are listening (nod, write,
say "hmm" "yes").
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•

If the participant stops at intervals along the way waiting for you to respond,
provide narrative support to continue e.g., "was that all for breakfast", "do
you have anything after that?”

•

If the participant responds with “it depends” be sure to encourage all
possible variations on that topic (usually a meal description).

•

If the participant says “probably” in defining amounts of foods, use visual
aids to support this estimation process.

•

If the participant goes into explanations for why/how they consume certain
foods acknowledge it in a supportive non-judgemental way, but keep the
account on track.

•

When the participant has reached the end of the day, look at what you have
noted and identify areas that you need more detail on. This will depend on
the purpose for taking the history. Ask specific strategic questions.

•

Summarise the overall pattern of the diet and ask whether there is a great
deal of variation in this pattern. Note the variation.

•

Proceed with a food frequency checklist and questions on food preparation.

•

Ask the participant if there is anything else he/she would like to add to what
she has told you and if she thinks you have a true reflection of her usual
eating patterns.

Prepared by : Associate Professor Linda Tapsell APD. Updated February 1999.
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Food Frequency Checklist

"How much of these foods would you consume in one day, or one week?"
Bread

Breakfast Cereal

Fruit
Milk
Cheese
Yoghurt
Eggs
Cakes, Biscuits
Chocolates, Nuts
Lollies
Chips, snack foods
Soft drinks, cordials
Alcohol
Vitamin supplements

Food Preparation

What kind of butter/margarine do you use?
What oil/fat do you cook in?
How do you prepare meat? vegetables?
What cuts of meat do you use? Do you eat the fat, skin ?
Do you use mayonnaise, dressings, sauces or gravies?
How often do you eat takeaway foods?
How often do you eat at restaurants?
How often do you eat at regular social gatherings?
Which kinds of ready-made foods do you consume? How often?
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Dietary Analysis
In preparation for data entry, estimate a weighted daily average for each food
consumed.
Food Group

Amt consumed/week

Amt consumed/day

Bread
Cereal
Milk
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Appendix B: The interviewer-administered, open-ended, structured diet history
method
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OMEGA STUDY
Diet History Questionnaire

Client code: _________________

Interviewer: _________________

Age: ____________

DOB: _______________

BMI: ___________

BMR: _______________

Medications: __________________________________

Interview number: ____________

Ht: ____________ cm

Date: _____________

Current weight: ______________

History of health conditions: ________________________________

Supplements: ___________________________________________________________________________________________
Physical activity status:_____________________________________________________________________________________
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Part 1: Breakfast
How often do you eat breakfast? __________________________
Breakfast Cereals/Porridge
Prompts
Corn
Wheat
Rice
Muesli
Oats

Type

Frequency

Milk Type: _________________________________ Serving size: ________________ mls/cups

Frequency: ___________

Sugar/Sweetener: __________________________

Frequency: ___________

Bread/Toast/Muffins including toppings
Prompts
White bread
Wholemeal bread
Rye bread
Soy & Linseed bread
Raisin bread
Muffins
Crumpets

Serving size: ________________ tsp

Type

Frequency
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Prompts
White bread
Wholemeal bread
Croissants

Hot/Cooked Dishes
Prompts
Scrambled eggs
Fried eggs
Poached eggs
Boiled eggs
Bacon
Baked beans
Pancakes
Sausages
Hash browns

Type

Frequency

Type

Serving size

Frequency

***** SALT *****
Type of oil/fat used in cooking: _____________________________

Serving size: ________________________________

Tea, coffee and other drinks (hot chocolate, fruit juice, smoothie)

Type:______________________________________________________________________ Frequency:_____________
______________________________________________________________________________
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Frequency:_____________

Other Foods
Prompts
Yoghurt
Fruit salad
Cereal Bars
Protein shakes
Protein powder

Type

Serving size
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Frequency

Part 2: Morning Tea
Prompts
Tea
Coffee
Juice
Flavoured milk
Yoghurt
Fruit
Biscuits
Cake
Cereal bars
Muffins
Chocolate

Type

Serving size
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Frequency

Part 3: Lunch
Sandwiches/Rolls
Prompts
White roll/bread
Wholemeal roll/bread
Multigrain bread
Rye bread
Lebanese bread
Pita bread
Turkish bread

Fillings/Toppings
Prompts
Meat/ham/chicken
Burger meat
Cheese
Vegemite
Jam
Honey
Salad
Mayonnaise
Mustard/tomato
sauce/dressing

Type of Bread/Roll

Serving size

Frequency

Type

Serving size

Frequency

***** SALT ******
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Salads
Prompts
Mixed green
Potato salad
Coleslaw
Greek salad
Caesar salad
Bean salad
Tabouleh
Pasta salad

Type

Serving size

Frequency

Serving size

Frequency

***** SALT ******
Soups
Prompts
Minestrone soup
Pea & ham soup
Potato & leek soup
Chicken soup
Cuppa soup
Vegetable soup
Pumpkin soup

Type

***** SALT ******
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Hot Meals (home prepared)
Prompts

Type

Serving size

Fish
Chicken
Meat
Spaghetti Bolognaise
Pasta

Takeaway foods
Pies
Pizza
Hamburgers
Hot chips

***** SALT ******
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Frequency

Tea, coffee, juice, soft drink, cordial etc
Type: __________________________________________________________ Frequency:____________________________
Type:___________________________________________________________ Frequency:____________________________
Other Foods
Type

Serving size
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Frequency

Part 4: Afternoon Tea
Prompts
Tea
Coffee
Juice
Flavoured milk
Yoghurt
Fruit
Biscuits
Cake
Cereal bars
Muffins
Chocolate

Type

Serving Size
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Frequency

Part 5: Dinner
Prompts
Meat (steak)
Chicken
Fish
Schnitzel
Pasta
Spaghetti Bolognaise
Lasagne
Stir fries
Casseroles
Stews
Soups
Risotto
Quiche
Potato
Vegetables
Mash
Wedges
Rice
Cous cous
Salads
Potato chips

Type , serving size, cooking method

Frequency
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Prompts
Meat (steak)
Chicken
Fish
Schnitzel
Pasta
Spaghetti Bolognaise
Lasagne
Stir fries
Casseroles
Stews
Soups
Risotto
Quiche
Potato
Vegetables
Mash
Wedges
Rice
Cous cous
Salads
Potato chips

Type , serving size, cooking method

Frequency
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Prompts
Meat (steak)
Chicken
Fish
Schnitzel
Pasta
Spaghetti Bolognaise
Lasagne
Stir fries
Casseroles
Stews
Soups
Risotto
Quiche
Potato
Vegetables
Mash
Wedges
Rice
Cous cous
Salads
Potato chips

Type , serving size, cooking method

Frequency
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Tea, coffee, juice, soft drink, cordial etc
Type:_________________________________________________________________ Frequency:______________________
Type:_________________________________________________________________ Frequency:______________________
Type:_________________________________________________________________ Frequency:_______________________

Desserts
Prompts
Ice cream
Fruit
Apple pie
Crumbles
Cake
Pudding
Lamingtons
Cookies
Biscuits

Type

Serving size
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Frequency

Part 6: Evening Snack Foods
Prompts

Type

Serving size

Tea
Coffee
Juice
Flavoured milk
Yoghurt
Fruit
Biscuits
Cake
Cereal bars
Muffins
Chocolate
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Frequency

Part 7: Takeaway/Restaurant Meals
Prompts
McDonald’s
• burger
• fries
Kentucky Fried Chicken
• fried chicken roast
chicken/nuggets
• fries
Pizza
• pan
• thin-based
•
toppings
Asian food
• Chinese
• Japanese
• Thai
• Vietnamese
Fish and chips
• battered and fried
• grilled
• potato scallops
• fries
Other
• soft drink
• Indian food
• Italian food
• Mexican food

Type

Serving size
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Frequency

Part 8: Food Frequency Checklist (only tick required if accounted for)
Type of food

Serving size

Milk/Flavoured Milk
Fruit
Fruit juice
Softdrinks/cordials
Alcohol
Yoghurt
Cheese
Ice creams
Crispbreads/crackers
Biscuits
Cakes/Scones
Chocolate
Chips
Lollies
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Frequency

Omega-rich foods
Type of food

Serving size

Walnuts
Pecans
Mixed Nuts
Omega eggs
Gold’n Canola margarine
Salmon
Tuna
Canned tuna/salmon
Mackerel
White fish varieties
Oysters
Other fish
Linseed or flaxseed oil
Red clover
Seeds

Soy-rich foods
Soy and Linseed Bread and Muffins
Soy milk
Soy beans
Flavoured soy drinks
Soy enriched cereals
Tofu
Tempeh
Soy sauce
Soy snacks
Soy yoghurt
Soy meat products
Soy cheese
Soy ice cream
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Frequency

Part 9: Food Preparation Practices
6.1 Butter/Margarine _____________________________ _____________________________________________________
What type do you usually use?
a) Butter
e) Margarine - monounsaturated, regular
h) Canola margarine
b) Dairy Blend
f) Margarine - monounsaturated, reduced fat
i) Gold’n Canola
c) Margarine - polyunsaturated, regular
g) Margarine - polyunsaturated, reduced fat
j) Soy margarine
6.2 Oil/Fat in Cooking_______________________________
What type of oil/fat do you use in cooking?
a) Butter
b) Dairy blend
c) Margarine - polyunsaturated, regular
d) Margarine - polyunsaturated, reduced fat
e) Margarine - monounsaturated, regular

_____________________________________________________

h) Olive oil
i) Canola oil
j) Soybean oil
k) Gold’n Canola
l) Other vegetable oil

6.3 Fat on Meats/Chicken________________________________
How much fat is trimmed from meat before cooking/eating?
a) None
b) 25%
c) 50%
d) 75%
e) All
6.4 Salt_______________________________________________
a) All the time during cooking
b) All the time at the table
c) Some of the time during cooking
d) Some of the time at the table

_____________________________________

__________________________________________________
How much skin do you eat on chicken?
a) None
b) 25%
c) 50%
d) 75%
e) All
f) Other, please specify: __________________________
________________________________________
e) Never during cooking
f) Never at the table
g) I don’t use salt at all
What do you consider to be a serve of salt? ______________
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